Iowa State Journal of Research 53.1 by unknown
IOWA STATE JOURNAL OF RESEARCH / MAY, 1979 
Vol. 53, No. 4 
IOWA STATE JOURNAL OF RESEARCH 
TABLE OF CONTENTS 
Volume 53 
(August, 1978-May, 1979) 
No . l, August, 1978 
LEE. D. K., and L. C. PROMNITZ. Sampling and 
estimation of hybrid poplar root systems .... 
LASSETTER, J. S. Edaphic relationships in the Vicia 
ludoviciana complex (Leguminosae) ...... -.-.-- 13 
ROLLYSOR~E. Jr. The detective as historian: 
Josephine Tey's The Daughter of Time . . . • . 21 
KENYON, R. C. Winter food habits of the ring-necked 
pheasant (Phasianus c olchicus) in Iowa . . . . • . . 31 
BERRY. E. C .. G. M. GHIDIU, and W. D. GUTHRIE. 
European corn borer: relationship of carbofuran 
uptake and corn genotypes for second-generation 
control. . . . . . . . . . . . . . . . . . . . . • . . . . . 35 
RUPNOW, A. A. Children, physiological sweating, 
teaching approaches, and anxiety . . . . . . . . . 41 
WITTROCK, D. D. Association of Giardia muris with 
an anoplocephalid cestode . . . . . . . . . . . . . . • . . 47 
BERRY, E. C., and J. E. CAMPBELL. European corn 
borer: relationship between stalk damage and yield 
losses in inbred and single-cross seed corn. . • . 49 
Author-title list of theses· and dissertations, Iowa State 
University (Summer 1977 - Spring 1978). . 59 
* * * * * * * * * * * * * * 
No. 2, November, 1978 
SULEIMAN, S. A., and G. G. BROWN. Spermiogenesis 
in the dog tick Dermacentor variabilis (Say). . . . . . . . . 93 
HOLLANDER, W. F. , and W. J. MILLER. Amputated, 
frayed, and sideburns: three new mutants in the 
pigeon . • . . . . . • . . . . . . • . . . . . . . . . • • . . . . 109 
SHAW, R. H. Calculation of soil moisture and stress 
conditions in 1976 and 1977 . . . . . . . . • • . . . . . . 119 
STANLEY, C. D., and R. H. SHAW. The relationship of 
evapotranspiration to open-pan evaporation through-
out the growth cycle of soybeans. . . • . . . . . . . • . . . .. 129 
BERRY, E. C., W. D. GUTHRIE, and J. E. CAMPBELL. 
European corn borer: relationship between leaf-
feeding damage and yield losses in inbred and 
single-cross corn . • • . . . . . . . . . . . • . . . . . . . ... 137 
GHIDIU, G. M., E. C. BERRY, and W. D. GUTHRIE. 
Systemic uptake of carbofuran in maize genotypes to 
control first-generation European corn borer Ostrinia 
nubilalis (Hilbner) ....•.•.........•.......... 147 
ii 
OWENS, E . D., and E . R. HART. Mite complexes 
associated with apple foliage in Iowa (Arachnida: 
Acarina) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 3 
CARLSON, R. E., N. N. MOMEN, 0. ARJMAND. 
and R . H. SHAW. Leaf-water potential and diffusive 
resistance relationships to yield and yie ld components 
of soybeans ......•.......................•. 161 
* * ~ * * * * * * * * * * * 
No . 3, February, 197 9 
Aspects in Shakespeare Scholarship 
P apers Presented at "Much Ado About Shakespeare" 
Symposium, 1978 
GALYON . L . R., and K. G. MADISON. Introduction . 
UPHAUS, R . W. History, romance, and Henry VIII .• 
HODGDON, B. Falstaff's body: history and his story .. 
ROSENTHAL, J . T. The history plays: a fair field full 
of nobles ...•....•..•.............. 
STROUD, T . A. Shakespeare's Richard II as a saint 
manque in a compounded tragedy ..... . 
CHANG, J. S. M. J. Shakespeare's dramatic self-
consciousness on stage and film ...•...... 
W OOD, C. T. Whatever hap.pened to Margaret of Anjou? 
or Olivier's Shakespeare and Richard III .. . . •.. . 
BERNARD, J. D. The pastoral vision of The Winter's Tale . 
SCHULTZ, S. C. Poel, B arker, and Richard II .....•. 
GILBERT, M. "This wide gap of time": Storytelling and 
audience response in the romances . • ....... . 
* * * * * * * * * * * * * * 
No. 4, May, 1979 











approach to foreign l anguage acquisition . . . . .... 243 
SIVAKUMAR, M. V . K. , and R. H. SHAW. Attenuation 
of radiation in moistur e-stressed and unstressed 
soybeans .•.•.•..•••................ 
HATFIELD, J . L ., and R. E . CARLSON. Leaf-water 
potential patterns within two soybean cultivars ... 
ATKINS, R. E . Yield comparisons among short - stature 
seed p a rents of grain sorghum ............. . 
MILLER, I. L., and R. E . ATKINS. Comparisons of 
embryo weight and seedling growth in grain 
sorghum parents and hybrids ......•......• 
STINER, Jr., F . M . Acceptance of social accounting: 
a Guttman scale analysis ............ • ...• 
MOCK, J . J. Investigation of genotype x environment 
interaction for cold tolerance of maize ..... . 
SLAVIK, M . W. SCHULLER, and W. P . SWITZER. 
Immunization of swine with Mycoplasma 
.• 251 
.•. 259 




hyopneumoniae vaccines ....................... 297 
iii 
PETERSEN, M. K. A laboratory test of species 
exclusion in Sigmodon fulviventer and S. hispidus ..... 301 
WILLIAMS. D. D. Seasonal incidence of Isoglaridacris 
wisconsinensis (Cestoda: Caryophyllaeidae ) in 
its fish host . . . . . . . . . . . . . . . . . . . . . . . . . .... 305 
WILLIAMS, D. D. Seasonal incidence of Glaridacris 
laruei and G. catostomi in Red Cedar River, ---- - ------
Wisconsin Catostomus commersoni. . . . . . . . . . 311 
WITKOWSKI, J. F., and J. C. OWENS. Corn rootworm 
behavior in response to trap corn. . . . . . . . . . . . . . 31 7 
WELLER, M. W. Small-mammal populations and 
experimental burning of Dewey's Pasture, Northwest 
Iowa, 1970-74 .............................. 325 
IOWA STATE JOURNAL OF RESEARCH / August, 1978 
Vol. 53, No. 1 1-12 
SAMPLING AND ESTIMATION OF 
HYBRID POPLAR ROOT SYSTEMS 1 
Don Koo Lee 2 and Lawrence C. Promnitz3 
ABSTRACT. A sampling technique was demonstrated in both field and greenhouse situations 
to examine the efficiency and effectiveness of soil cores in estimating total root-system 
characteristics of hybrid poplars. The procedure is relatively easy and accurate for the esti-
mation of the horizontal distribution of root systems. Variables estimated showed clonal 
differences, which were fairly constant from greenhouse to field. 
INTRODUCTION 
The investigation of distribution and quantity of tree-root systems has been problematic 
because of the difficulty in freeing roots from the soil, the difficulty in measuring variables of 
interest, and the large mass of roots generally dealt with . For these reasons, past studies of 
root systems have been limited. 
Of the field methods rev iewed by Schuurman and Goedewaagen ( 1965) for studying 
roots, pinboard and excavation methods require excessive time. Also, the pinboard method 
gives information only about one profile of the soil and not the whole root system. In 
addition, these methods do not consider measurement problems. Quicker and less expensive 
methods usually involve core sampling (Carlson, 1954; Fehrenbacher and Alexander, 1955). 
Soi l cores are infrequently used in sampling to estimate the configuration of the root 
system, but, rather, to compare variables such as root quantity at various depths (Bowen, 
1964; Meyer and Gcittsche, 1971 ; Schultz, 1972; Gerwitz and Page, 1974). 
The objective of this study was to develop a method of root sampling that gives a fast 
and accurate measure of horizontal distribution of hybrid poplar roots. To evaluate the 
sampling method, experiments were done in both field and greenhouse situations. 
VARIABLES OF INTEREST AND ESTIMATION PROCEDURE 
The use of soil cores provides a unique opportunity for estimation in s~mpling. If 
cores are randomly located within a given area, measurements made on the .total root content 
of a core are observed with equal probability. The probability of intersecting any given root, 
however, will be related to the length of the root. This unequal probability aspect is the 
basic element involved in line intersect methods of sampling that range in application from 
microscopic studies of length (Newman, 1966) to estimation of logging residue (Van Wagner, 
1968). Major differences arise because line intersect methods of sampling g'enerally assume 
that lines are located in random directions (whereas soil cores are restricted to vertical 
projections), and a soil core covers a definite area as opposed to a given line segment. 
Inferences made concerning root systems are restricted to the areas from which cores 
are selected, and soil volume is determined by the length of the soil probe (Figure 1 ). 
1 Journal Paper No. J-9106 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project 2034. 
2 Graduate Student, Department of Forestry, Iowa State University, Ames, Iowa 50011. 
3 Formerly Associate Professor, Department of Forestry, Iowa State University, Ames, 
Iowa 50011. Present address: Central Research Division, Crown Zellerbach Corporation, 
Camas, Washington 98607. 
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Figure 1. The soil area and volume for root-system sampling. 
If the following variables are measured on each of n randomly selected soil cores: 
Ii =length of all roots in core i, 
wi= dry weight of all roots in core i, 
ci =count of all roots included in core i, 
c'i= count of all roots in core i that are severed at both ends and have 
length 2:: Yi d, 
then the following estimators can be used where4 
A= area of sampling (sampled population) (cm 2 ), 
d = diameter of soil probe (cm), 
K =total number of sample units (possible sample cores) in A. 
K= A 
7T( d/2) 2 
n 
A Lli -
Total length of the root system: L' = K- =Kl 
n n 
Total dry weight-of the root system : W = K Lwi = Kw n n 
"' n ,. L:ci 
Total horizontal projection length: 5 L= (.98866 L:~ 1 -.18645-n-) K 
" £ci £c'i 






The cosine of an "average" angle of penetration of the root system can be estimated by 
I\ 
Cose= J:... (6) 
t' 
In addition, parameters such as approximate root surface area can be estimated by 
dividing the sampled roots into diameter class. 
Although it seems from sampling theory that soil cores can provide a great deal of 
information about root systems, with possibly a great deal less effort than excavation, there 
are questions about the efficiency of sampling and the exact interpretation of the parameters. 
For example, double counting of roots may occur because some unattached root segments are 
counted as separate units; consequently horizontal root length can be poorly estimated. 
4 Derivation of estimators and variance estimators are available from the author upon request. 
5 Constants involved in these equations are related to soil probe diameter and values given are 
ford= 2 cm. 
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MATERIALS AND METHODS 
To examine the feasibility of soil-core sampling, the technique was applied in both field 
and greenhouse situations. The source of field material was a 2-year-old Populus plantation 
growing on a silty clay loam soil. The plantation consists of clones planted at three densities: 
5,000, 10,000, and 15,000 trees per hectare. Clone 5323 (Populus x euramericana Gu inier) 
and clone 5377 (Popu/us x euramericana Guinier) were used for this study. In addition, five 
rooted cuttings from each clone were planted in wooden boxes, ( 27,000cm3 ) containing 
Jiffy-Mix and Perlite (2: 1) and were grown for 8 weeks. 
The sampled area was divided into strata defined by increasing distance from the sample 
tree (Figures 2 and 3). Soil-core samples 2 cm in diameter and 45 cm in depth were randomly 
located and extracted from each stratum. Each core sample was placed in a plastic bag, 
transported to the laboratory, and stored at 4°C for later processing. Soil was washed from 
the roots under a water spray over an 18-mesh sieve. All living roots were removed and placed 
in a vial filled with 4% formaldehyde. Millimeter graph paper placed in petri dishes was used 
to measure root length to the nearest 0.1 cm. The total number of roots and the number of 
roots greater than 1 cm in length were counted. Dry weights of roots were measured to the 
nearest 0. 1 mg. 
In addition, root systems of all sample trees were excavated to approximately the same 
depth and total distance from the stem as defined for core sampling. 
RESULTS 
For the field experiment, most variables showed a decrease with increasing density and 
greater root values from clone 5323 than from clone 5377, but clonal differences were not 
significant except for cosine root angle (Tables 1 and 2). Total length and horizontal pro-
jection length of roots showed decreases with increasing density (Figures 4 and 5). Decreasing 
trends were found in both variables. 
Within the greenhouse experiment, clone 5323 showed better growth than clone 5377 
for all variables whether estimated with equal or unequal probability or by excavation (Table 
3). The results were similar to those observed in the field except that clone 5323 showed a 
slightly greater angle of penetration than that of clone 5377. 
Table 1. Means of densities by clones for the root measurement. 
Length (m) 
Total dry 
Horizontal Total weight (g) 
Densitiesa Clones Total projection number Estimated Excavated 
I 5377 3845 435 236763 179.9 363.3 
I 5323 4767 646 261643 555.0 370.5 
II 5377 3218 314 150823 110.4 223.7 
II 5323 4408 517 188055 121.1 262.9 
Ill 5377 2802 246 151428 138.7 226.8 
Ill 5323 3093 375 150352 79.6 180.5 
aDensities I, 11, and 111 indicate 5,000, 10,000, and 15,000 trees per hectare, respectively. 
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Figure 3. An illustration of two strata defined from the sample tree in the greenhouse . 
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Table 2. F-values from analysis of variance for root variables in the greenhouse and field. 
Source 
Variables 
Total length (Equal Prob.) 
Horizontal projection length (Unequal Prob.) 
Total no. (Equal Prob.) 
Total no. (Unequal Prob.) 
Dry wt. (Estimated) 
Dry Wt. (Measured) 
Cosine angle 
* Significant at the 5% level. 



















Clone 5377 Clone 5323 
Variables Greenhouse Field Greenhouse Field 
Root length (m) (Equal Prob.) 94.8 3288.5 102.3 4089.3 
Horizontal projection length 11.1 331.7 13.8 512.7 
(m) (Unequal Prob.) 
Root no. (Unequal Prob.) 712.0 34538.0 941.0 34646.0 
Root dry wt. (g) (Estimated) 0.31 143.00 0.46 251.90 
Root dry wt. (g) (Measured) 0.58 271.22 0.72 271.27 
Cosine root angle 0.1330 0.1001 0.1268 0.1225 
ACCURACY OF ESTIMATED DRY WEIGHTS 
Estimated root dry weights were compared with excavated values, pooling all data. 
Relationsh ips between estimated and actual weights were not strong for either field- or 
greenhouse-grown plants (Figure 6), but results were generally as expected. Estimated values 
should be lower than excavated values because the stump is not included in the sample popu-
lation but is included in the excavated values. In two field samples (17% of the samples) and 
one greenhouse sample (10% of the samples), however, estimated values were greater than 
excavated values owing to the inclusion of several thick roots in the sample cores. Therefore, 
the accuracy in estimated root dry weights could be increased if relationships were compared 
without stump weights. 
EFFICIENCY OF SAMPLING AND SAMPLING DESIGNS 
The relative precision achieved by sampling used is given in Figures 7, 8, 9, and 10. 
Although error rates are high, the data are sufficiently precise to indicate clonal differences 
and trends. 
In addition, the sample design was not optimal in allocating the number of sampling units. 
Table 4 illustrates sample allocation both proportionally and optimally. Optimal allocation in 
the field differed, depending on whether length or dry weight was be ing estimated, primarily 
because of uniform occupancy of the soil with respect to length, but not with respect to dry 
weight (Figure 11 ). The experiment used equal allocation of sample units to strata, which 
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Figure 4. Comparison of total root length for the two clones at each density. 
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Figure 5. Comparison of total horizontal projection length for the two clones at each density. 
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was not optimal for either variable but may be appropriate when both variables are to be 
estimated. 
Within the greenhouse study, optimal allocation of sample units was approximately the 
same for both variables (Table 4) because of nonuniform occupancy with respect to both length 
and dry weight (Figure 12). In this situation, stratified sampling proved to be an efficient 
sampling design. In the field, stratification proved efficient for estimation of dry weight, but 
no more efficient than simple random sampling for the estimation of length (Figures 7 and 8). 
The uniform occupancy of the soil with respect to root length suggests that, unless 
information concerning root length as related to distance from a tree is desired, simple random 
sampling would be an efficient design. In addition, if information is desired for an experi-
mental plot, sample units could be randomly located within the plot, provided that trees were 
uniformly distributed and of similar size. Sample sizes for an entire experimental plot would 
not be much larger than those for an individual tree. 


































The results of this study indicate that total root length in the field ranged from 2802 m 
to 4767 m. This result is not similar to that reported by Hoffmann (1966) who found 2-year-
old hybrid poplar to have a total root length of 1545 m. Hoffmann's experiment, however, 
was done in a root chamber in which environmental conditions were different from those in 
the field. 
Clonal differences and trends were observed in all variables estimated, and these differ-
ences remained fairly consistent from greenhouse to field. The important aspect to consider 
is that the sampling procedure is capable of providing useful information on many desirable 
characteristics frequently not measured in experiments. 
Although the exact interpretation of the unequal probability estimators for horizontal 
projection length and root number is not known with certainty, the parameters estimated do 
provide information on the extent and fibrousness of root systems. 
This information is gained at relatively low measurement cost and high accuracy because 
only a count of roots in each sample core is necessary. The measurement of total root length 
is sign ifi cantly more difficult, but may provide extremely accurate information because of the 
sampling content. Because only a small amount of soil volume is being observed, more care 
can be taken in measurement. In addition, small roots frequently lost by excavation can be 
accounted for with soil cores. The variables of dry weight have been shown to be rather poorly 
estimated by core sampling, most likely from inclusion of the tree stump and large roots near 
the stump in the excavated values. If only the immediate stump area (stratum 1) were exca-
vated for harvest trees, and strata 2 and 3 sampled, estimates of total dry weight should be 
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Figure 7. Sample size needed to estimate root length with two sampling methods in the field. 
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Figure 8. Sample size needed to estimate root dry weight with two sampling methods in the 
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Figure 9. Sample size needed to estimate root length with two sampling methods in the green-
house. % standard error. 
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Figure 10. Sample size needed to estimate root dry weight with t wo sampling methods in the 
greenhouse. % standard error. 
SAMPLING AND ESTIMATION OF HYBRID POPLAR ROOT SYSTEMS 11 





5 e: u 
~ 200 200 ::r:: 




p::; - .. .. -6 - - - - - -L::::. c::i iOO 100 
ST l ST 2 ST 3 
Figure 11. Variation of length and dry weight of roots on strata in the field. 
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Figure 12. Variation of length and dry weight of roots on strata in the greenhouse. 
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In addition, sampling provides a minimum of site disturbance, with only 0.5% of the soil 
volume being "excavated" in this study. Although the sampling procedure should have some 
effect on tree growth through root-system reduction, this effect should be small, and root 
measurements will not be totally destructive of the sample tree. If an entire experimental plot 
was to be sampled, effects of sampling should be even smaller. 
The results of this study generally indicate that soil-core sampling can be an effective tool 
in estimation of root systems. The pr imary objective in this experiment was to determine 
clonal differences; however, the procedure could be used to estimate effects of soil and site 
differences on root development and distribution. More complete studies of root systems will 
be recorded to evaluate better the effectiveness of alternative sampling techniques in estimat-
ing horizontal and vertical distribution of root quantity and to substantiate the validity of core 
sampling. 
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Edaphic Relationships in the Vicia 
ludoviciana complex (Legum i nosae) 1 
J. Stuart Lassetter2 
ABSTRACT. The Vicia ludoviciana complex contains the native North American species V. 
/udoviciana Nutt., V. /eavenworthii T. & G., V. exigua Nutt., and their varieties. The complex 
is centered in Texas, but extends east to A labama, west to California, and from northern 
Mexico into the Rocky Mountains. Soil-taxa relationships were investigated as a part of a bio-
systematic study of the complex (Lassetter, 1972). 
MATERIALS AND METHODS 
Forty-seven soil samples were taken from mass collection sites, mostly in Texas. A block 
of soil 4" square and 2-3" deep was removed. Samples were air dried, then analyzed for pH, 
organic matter, soluble salts, and ppm of P, K, N0 3 N, Ca, Mg, Mn, and Zn. 
The University of Wisconsin, Madison, Soil Testing Laboratory performed the analyses 
according to the procedures in Schulte and Olsen ( 1970). 
The hydrometer method was used to determine the percentage of sand, coarse silt, fine 
silt, and clay. David L. Faxlanger of the Iowa State University Department of Agronomy 
determined these data. 
Results of these tests were included with morphological data taken from mass-collected 
specimens, and a correlation coefficient matrix was computed. 
RESULTS AND DISCUSSION 
The results of chemical and physical soil analyses are given in tables 1 and 2. The 
correlation matr ix, a one-by-one comparison of 66 individual characters, is omitted here to 
conserve space; it is available in Lassetter ( 1972). Of the chemical characteristics analyzed, 
only calcium, magnesium, and potassium correlated at 0.50 or above with any morphological 
character or with any other soi I character. In general if one of these three elements correlated 
with any other character, then all three elements correlated. Calcium, however, consistently 
exhibited the highest correlation and was thus evaluated as the most useful chemical soil 
characterictic to use in determining relationships between taxa and soil. The remaining seven 
(pH, organic matter, soluble salts, P, N0 3 N, Mn, and Zn) all exhibited correlations below 0.50. 
Individual physical soil characteristics correlated with other physical or chemical soil 
characteristics and with some plant exomorphic features (Lassetter, 1972). For example, the 
strongest correlation (0.93) among these physical characters was the expected inverse relation-
ship of sand and clay percentages. Percentage of sand also correlated inversely at 0.84 with Ca, 
and at 0.88 with percentage of fine silt. Sand also correlated at 0.64 with the flowering pedun-
cle length. Th is morphological character is an important feature of the taxa of the complex, 
1 Journal Paper No. J-8790 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa. Project 1983. The facilities of the Iowa State Herbarium, supported by the 
Science and Human ities Research Institute, were used in the preparation of this paper. The 
Iowa Agriculture and Home Economics Experiment Station provided funds for laboratory 
supplies and some field travel. Field work was supported by N.S.F. Grant GB-27935. 
2 Present Address : Department of Biological Sciences, Eastern Kentucky University, Richmond, 
Kentucky 404 75. 
Table 1. Chemical analyses of soil samples from mass collection sites. ~ 
Mass pH OM a p K Ca Mg N0 3 N Mn Zn Soluble salts 
collection % (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (mhos x 10-5 /cm)b 
number 
1723 7.5 3.4 .5 232 4150 196 46.5 1.0 .5 62 
1726 7.7 2.5 .5 394 5050 320 1.6 .5 .5 26 
1730 7.6 1.4 .5 326 3200 312 1.3 .5 .5 24 
1731 7.9 4.9 3.4 550 5730 515 21.8 .5 .5 51 
1739 7.8 1.5 .9 212 4350 250 42.0 .5 .5 24 
1746 8.0 1.5 .5 292 3150 193 15.7 .9 .5 31 
1748 7.8 .7 .5 230 4510 376 2.3 .5 .5 19 
1750 7.9 1.7 1.3 154 2080 168 .5 7.1 1.8 10 r 
1752 7.2 8.1 .5 212 5300 281 2.8 1.0 2.6 36 
)> 
Cf) 
1753 7.5 1.3 3.7 67 810 81 .5 1.0 39.0 10 
Cf) 
m 
1756 7.5 5.1 7.7 342 1820 248 1.1 9.9 4.6 22 --! --! 
1758 7.1 2.7 15.5 148 920 182 .5 5.5 3.5 18 m 
1759-A 7.0 2.7 5.6 188 2820 318 3.5 5.0 26.0 20 
:::0 
1759-B 7.2 4.5 9.9 211 7050 446 .5 .5 .5 25 
1760 6.8 2.9 13.2 150 1030 183 .5 6.1 4.1 19 
1769 7.4 2.0 .5 259 3760 376 9.9 6.1 1.9 28 
1781 7.5 2.1 .5 365 3060 228 .5 .5 .5 20 
1784 7.7 2.2 1.9 296 6700 1070 .5 .5 13.6 39 
1789 7.5 2.8 .9 212 2860 219 9.9 2.2 6.7 27 
1790 7.4 3.7 .5 258 5890 540 1.0 .5 .5 23 
1792 7.6 2.8 .5 234 4480 252 .9 1.4 .5 21 
1794 7.0 3.3 3.6 127 1730 182 1.4 5.9 12.2 27 
1806 6.9 3.2 20.0 416 5320 94 .5 3.3 3.1 33 
1818 7.0 1.8 11.1 107 1550 294 .5 7.5 16.9 10 
1819 7.2 3.9 6.6 134 1940 391 .5 25.0 4.8 10 
1824 6.5 5.1 382.0 135 610 153 .5 5.6 6.5 10 
1826 6.9 2.7 22.8 156 2340 219 .5 19.5 6.6 19 
1828 7.6 1.3 16.0 216 690 134 .5 4.3 2.3 10 
1829 7.0 3.7 35.8 200 1300 256 .5 14.5 7.8 10 
1831 7.6 .5 435 6960 398 1.6 1.6 .5 32 
1832 7.7 .5 270 7600 415 .5 .5 .5 30 
1833 7.7 .5 250 8600 402 3.0 .5 .5 20 
1834 7.8 5.0 2.5 226 9459 452 21.0 .5 .5 35 
1837 7.2 4.0 5.0 180 4100 340 .5 2.0 5.1 10 
1838 7.3 4.2 1.4 387 4640 520 1.0 53.1 .9 43 
1839 7.9 .8 .4 200 5760 230 2.2 .4 .5 20 
1840 -7.6 6.8 .5 460 5800 242 2.9 .5 .5 24 
m 
0 
1841 7.8 2.8 .5 228 4650 274 2.8 .5 .5 18 )> 
-0 
1842 7.4 2.6 .5 310 9440 560 .5 .5 .5 138 I 
1843 7.9 2.1 1.3 198 3610 207 .5 2.7 32.0 22 () 
1844 7.7 3.0 .5 240 5370 354 .5 1.0 .5 20 :IJ m 
1845 7.5 2.6 6.4 274 2240 127 .9 5.5 3.3 10 r 
1846 7.6 2.9 1.9 300 4660 300 .5 1.4 3.0 10 )> ::j 
1847 7.5 7.1 .5 287 3940 175 1.4 1.6 .5 27 0 
1848 7.5 7.1 .5 611 4450 400 12.4 .5 .5 25 z 
1850 7.5 1.0 13.6 170 1780 81 .5 6 .0 3.0 16 
(/) 
I 
1851 -A 7.4 1.4 2.3 198 2560 396 1.4 2.7 2.1 27 -0 
1851 -B 7.9 2.2 8.4 187 4460 446 21.2 6.3 6.0 21 
(/) 
1852 7.5 1.1 2.2 242 5000 264 2.2 1.1 .5 23 z 
-i 1853 7.5 1.0 15.6 105 1360 119 .8 3.7 9.9 16 I 
1854 7.7 2.9 .5 125 3620 144 2.8 1.9 .5 28 m 
1860 7.5 4.5 24.5 86 3340 152 .5 2.0 35.3 19 ~ 
1861 7.5 1.8 8.0 40 760 40 .5 3.2 5.1 16 Qi· 
1862 7.6 4.6 .5 105 3710 182 .5 1.4 .5 29 c:-
1863 7.2 5.3 7.4 388 5240 626 1. 1 2.8 33.2 45 g. 
1864 7.0 3.8 38.2 271 4670 360 3.2 1.6 9.5 21 "" ()· 
1865 7.2 .9 .5 53 2540 93 3.0 2.1 3.8 20 Qi · :::i 
1866 7.3 4.1 .5 147 4610 230 1.9 .1.4 .5 29 cu 
1870 7.8 3.0 .5 127 2540 220 1.8 3.6 9.1 18 
() 
0 
1871 7.7 6.1 .5 187 4050 370 9.7 2.6 9.6 31 ~ 
1872 7.7 4.3 8.7 65 1730 452 7.2 19.2 10.3 120 -0 r 
1873 7.8 3.2 .9 77 2910 198 21 .2 7.6 35.2 26 m x 
1875 7.7 3.7 16.8 110 2850 178 14.8 7.1 29.8 20 
1877 7.0 2.4 40.8 77 1270 210 .5 14.8 7.1 10 
aMissing data indicate too little organ ic matter for valid testing. 
bA measure of conductivity. 
(.Tl 
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Table 2. Particle size analyses of soil samples from selected mass collection sites (values are 
percentages). 
Coarse Fi ne 
Mass Sand silt si lt Clay 
collection (2000-50 (50-20 (20-2 (less than 
number mm) mm) mm ) 2 mm) 
1723 46.6 12.6 23.1 14.5 
1726 29.6 12.2 26.5 32.8 
1730 65.9 6.8 10.6 13.9 
1731 38.3 8.1 27.1 25.5 
1739 35.4 15.0 17.5 26.5 
1746 75.2 4.8 9.3 8.6 
1748 52.2 3.6 11.7 29.5 
1750 71.6 6.9 9.1 10.3 
1752 58.3 4.3 9.7 27.2 
1753 66.4 14.4 11.0 3.9 
1756 56.0 11.5 9.8 16.9 
1758 77.9 5.7 4.0 5.1 
1759-A 32.9 9.9 16.9 41.8 
1759-B 60.9 10.4 6.1 21.0 
1760 85.8 2.2 2.9 5.4 
1769 66.8 6.3 6.5 18.1 
1781 75.4 3.4 11 .2 9.5 
1784 23.1 6.8 14.2 52.3 
1789 75.2 11.9 4.9 11.5 
1790 29.5 11.7 21.3 36.9 
1792 44.7 14.7 15.1 20.9 
1794 76.7 7.9 5.0 7.3 
1806 12.0 6.9 25.2 55.9 
1818 61.0 12.7 15.0 9.0 
1819 65.2 8.7 12.9 10.7 
1824 82.9 5.8 3.5 6.2 
1826 54.1 6.5 22.8 13.5 
1828 88.9 5.0 2.3 2.8 
1829 74.0 8.6 7.8 6.9 
1831 16.7 11.8 36.6 36.3 
1832 13.4 11.8 26.2 49.1 
1833 8.3 15.1 26.7 50.0 
1834 7.5 12.5 25.4 50.1 
1837 54.9 10.1 9.2 24.5 
1838 42.0 12.9 12.8 28.4 
1839 62.6 3.4 11.7 21.2 
1840 35.1 9.1 26.8 28.7 
1841 27.4 15.0 24.5 33.6 
1842 26.2 8.5 21.5 45.0 
1843 74.1 7.0 4.3 12.5 
1844 21.0 29.1 24.9 30.5 
1845 74.6 6.9 4.1 11.7 
1846 31.4 18.4 16.2 31.2 
1847 50.4 8.7 22.8 16.9 
1848 39.2 9.2 23.9 25.0 
1850 94.1 1.2 1.7 2.2 
1851 -A 61.1 8.4 10.6 18.3 
1851-B 74.4 6.4 6.6 12.4 
1852 33.3 7.8 32.4 30.4 
1871 77.9 6.0 4.1 10.3 
EDAPHIC RELATIONSHIPS IN THE Vicia /udoviciana COMPLEX 
and the correlation demonstrates the appearance or nonappearance of plants with certain 
length peduncles on certain soils. 
Percentage of clay correlated with peduncle length at 0.58. Calcium, correlating with 
sand and clay at 0.84 and 0.89, respectively, also correlated with flowering peduncle length 
at 0.56. These correlations do not demonstrate cause and effect but do show a relationship 
between sand, clay, calcium, and flowering peduncle length. 
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Polygonal graphs with axes for sand, coarse silt, fine silt, clay, and ppm calcium were 
made for each soil sample. These graphs were sorted according to polygon shape. There was 
a gradation among them, but when grouped according to the soil classification chart based on 
percentage of sand, silt, and clay (Soil Survey Staff, 1951 ), three groups of soil textures 
resulted: sand or sandy loam, clay loam, and clay. Mean values were calculated for each group 
(soil texture) and were used to construct an "average" graph for each one (Figure 1, ppm Ca 
axis is x 10- 3 ). 
The most recent floristic work to treat this complex in Texas is Correll and Johnston 
(1970). Turner (1956) also provides some information about the distribution of taxa on 
different soils, although the concept of certain taxa differs among these workers. 
According to Turner (1956), V. /udoviciana var. /udoviciana occurs mostly on sandy soils, 
but sometimes on calcareous soils, and both he and Correll and Johnston (1970) agree that 
V. ludoviciana var. /axiflora is of calcareous soils. Turner did not recognize V. /udoviciana 
var. texana, but Correll and Johnston state that it is a coastal plain taxon, and they presumably 
imply a sandy textured soil. 
From my data (Table 3), V. ludoviciana, as a species, occurs mostly on sandy soil. At 
the variety level, however, only var. ludoviciana and var. laxiflora were found to be highly 
restricted to soils that were sandy and low in Ca. Vicia ludoviciana var. texana (V. /eaven-
worthii var. occidentalis in part of Turner, 1956) is well represented in all textures of soil. 
Correll and Johnston ( 1970), who recognized only the typical variety of V. /eavenworthii, 
state that it occurs on a variety of soils. Turner recognized two varieties, but only stated that 
the species as a whole occurred on calcareous as well as sandy soils. Vicia /eavenworthii var. 
leavenworthii (sensu Turner) included a portion of V. /udoviciana var. texana of Correll and 
Johnston ( 1970) and Lassetter ( 1972). 
Vicia leavenworthii (Table 3) is found mostly in clay loam with moderate amounts of 
calcium. At the variety level, the typical variety is mostly restricted to clay loam, but var. 
occidentalis sensu Turner (including V. /udoviciana var. texana in part) is represented in all 
three textures. 
A major difference from the previous workers mentioned is that my data indicate that 
V. ludoviciana var. /axiflora occurs on the kind of soil with least calcium, whereas Correll and 
Johnston ( 1970) and Turner ( 1956) have interpreted this strictly as a calcareous soil plant. My 
data also show that V. /eavenworthii var. leavenworthii occurs mostly on clay loam with 
moderate amounts of Ca, but the previous workers indicate that it occurs on a variety of soils. 
The occurrence of Turner's V. /eavenworthii var. /eavenworthii on calcareous and on sandy 
soils is due partly to his including part of V. /udoviciana var. texana in that taxon because var. 
texana does occur on a variety of soils. Conclusions of some previous workers may have been 
based on field observations, which might not produce an accurate evaluation of Ca in the soil. 
Vicia exigua (sensu Lassetter, 1975) is a California - Baja California taxon, different in 
concept from Munz ( 1959) who considered V. exigua to extend east to Texas. I have seen and 
collected it only in sandy soils. Herbarium sheets record gatherings from rocky soil, but those 
sites might actually have been basically sandy with a noticeable proportion of rocks. 
Correll and Johnston (1970) as well as Turner (1956) and Shinners (1948) noted that 
the distribution of taxa in Texas has a general correlation with geographical regions. The 
distributions of tax a, however, do not adhere strictly to boundaries of geographical regions. 
Different soil types exist within individual geographical regions of Texas (Gould, 1969). The 
occurrence of a taxon out of its centrally expected geographical region cou ld be due to pockets 
of suitable soil at the ground surface, roadfill material, or excavations providing a suitable 
edaphic environment for the taxon. 
The data in Table 3 suggest that some taxa are very narrow in edaphic tolerance. Others 
are more plastic and regularly occur and thrive on various textured soils. These vetch plants 
are efficient self-pollinators with essentially cleistogamous flowers (Lassetter, 1972), allowing 
relative quick adaptation to selective environmental factors. The variation in tolerance to 
different soil textures, ppm Ca, as well as to other soil characteristics not included in this 
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Table 3. Taxa and soil textures of collection sites. 
Number of 
populations Number of Number of Total number of 
collected from populations popu lations populations 
sand or sandy collected from col lected from of each 
Taxon loam clay loam clay tax on 
II. /udoviciana var. 
ludoviciana 11 0 12 
V. ludoviciana var. 
laxiflora 3 0 0 3 
V. /udoviciana var. 
texana 2 2 5 
V. /eavenworthii 
var. leavenworthii 14 0 15 
V. leavenworthii 
var. occidentalis 3 4 8 
V. exigua 
var. exigua 3 0 0 3 
Total number of 
populations from 
each soil type 21 19 6 47 
study may reflect an ecotypic adaptation of subspeci fic taxa of the two species to the diverse 
soil areas of Texas. 
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THE DETECTIVE AS HISTORIAN: JOSEPHINE TEY'S 
The Daughter of Time 
Carl E. Rollyson, Jr. t 
The Daughter of Time seems unique among detective novels in that it daringly rejects the 
usual formula in which the author sets up and solves a mystery of his own making. Other 
writers have attempted to deal with actual crimes in their novels, 1 but not with an historical 
problem, and with previous interpretations of that problem by several generations of his-
torians. Josephine Tey uses her favorite fictional detective, Inspector Alan Grant of Scotland 
Yard, to investigate the nature of Richard Ill as man and ruler. Eventually the novel comes 
to focus on the controversial question: did Richard have the princes in the Tower murdered? 
The form of the novel often fol lows the process of historical investigation closely and con-
vincingly, 2 yet many of the detective's specific methods and conclusions are open to chal-
lenge when viewed against the requirements of historical interpretation, which he does not 
respect, and against the work of historians who have studied the reign of Richard 111. Tey's 
innovative attempt to inject the rigor of historical inquiry into the design of detective fiction 
ultimately fails because the evidence and interpretation generated by the novel as a whole are 
not commensurate with the complexity of the historical problem that it proposes to solve. 
As a detective, Grant prides himself on his precise perceptions of the particulars of 
experience, and on the solving of mysteries of individual human character and motivation, not 
on categorizing human behavior or generalizing about its causes. 3 Similarly, the historian 
rejects the idea that his methods are preconceived, that there are invariable rules or laws that 
explain the problems he studies. As Butterfield observes. there is "no formula that can take 
the place of the whole story,"4 which the historian must narrate and analyze in all of its 
particularity. Of course, both the detective and the historian rely on their previous experience 
as investigators to aid them in interpreting new evidence. Grant, for example, makes a con-
scious study of the faces he encounters in his line of work and knows that though it is 
impossible "to put faces into any kind of category," it is possible "to characterise individual 
faces" (20) .tt 
The detective becomes fascinated with a late fifteenth-century portrait of "a man about 
thirty-five or thirty-six years old, lean and clean shaven. He wore a rich jewelled collar, and 
was in the act of putting a ring on the little finger of his right hand. But he was not looking 
at the ring. He was looking off into space" (20). The subject of this painting evidently eluded 
the artist's talents, for the "arresting and individual" expression of the eyes, the thin and mobile 
lips are suggested but not translated very well into paint. What the artist "had best succeeded 
in was the bone structure of the face : the strong cheekbones, and hollows below them, the 
chin too large for strength" (21 ). The details of the portrait, in other words, suggest a whole 
man but mysteriously f~il to supply him. 
Without knowing it yet the detective has discovered a historical problem of his own 
making. By simply conducting a close empirical examination of the evidence he has revealed 
what is half-hidden in an historical figure, who seems to have been a . judge, a soldier, or a 
t Assistant Professor of Humanities, Wayne State University, Detroit, Michigan 48202. 
t t Refer to note 3. 
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prince, a responsible leader "too conscientious," the victim of childhood suffering, and with 
an "old man look in a young face." Grant views the portrait without preconceptions, without 
considering the testimony of authorities on the subject, and he turns over the portrait to 
determine the identity of the man only after he has satisfied himself of the probability of his 
own judgments. The detective then ponders the discrepancy between his professional analysis 
of Richard 111 and the myth of the "Crouchback. The monster of nursery stories. The des-
troyer of innocence. A synonym for villainy"(21 ). 
Grant takes a professional interest in the case of Richard 111, and is surprised to find that 
the historians, who are much more detailed and accurate than the popular myth, actually re-
inforce it. In Sir Thomas More's history (the model for many of the subsequent accounts of 
Richard's personality and policies) Grant is struck by the inordinate amount of gossip ("history 
by hearsay"), and by the puzzling inconsistencies in Richard's supposed behavior, which More 
overlooks (55). Why should Richard, who by all accounts was fiercely loyal to his family, 
arrange to traduce his mother in public by claiming that all her children, except him, were 
illegitimate so that he could have the throne(56)? He could not anticipate his brother Edward's 
early death at the age of forty and the execution of his brother Clarence; and he would have 
had to get rid of the great number of heirs to the throne who would stand in his way. Richard 
was busy with the administration of the North of England and showed no inclination of 
intriguing for a crown (57). Grant later dismisses More as a reliable source when he finds out 
that the historian was only eight years old at the time of Richard 's death, and that his history 
was written during the reign of Richard's enemy and successor, Henry V 11. At this point, the 
detective feels forced either to reject the evidence against Richard or assume that his character 
changed overnight (66). 
In his examination of More, Grant is acting very much like R. G. Collingwood's "scienti-
fic historian," who reads his sources "with a question in his mind, having taken the initiative 
by deciding for himself what he wants to find out from them." The "scissors-and-paste 
historian," Collingwood argues, "reads them on the understanding that what they did not tell 
him in so many words he would never find out from them at all."5 The "scissors-and-paste 
historian" is simply "receptive" to his authorities, like the historians who rely far too much on 
the Tudor myth of Richard's criminality, and on Sir Thomas More's hallowed reputation for 
telling the truth. Though More is essentially concerned with revealing Richard's villainy, part 
of his account (in Grant's view) suggests virtuous traits of character, which are not consistent 
with More's overall argument. Thus the. detective as "scientific historian" puts his source "to 
the torture, twisting a passage ostensibly about something quite different into an answer to the 
question he has decided to ask." 6 The physical nature of Collingwood 's metaphor suggests 
Grant's strenuous, tough-minded, and skeptical approach to his authority, whom he sardoni-
cally refers to as "the sainted More." The detective's self-confident, autonomous inquiry is 
very much like Collingwood's conviction that the historian is his own authority, who asks 
questions of himself, who does not accept his view of the past "ready-made," and who gener-
ates evidence by his own insights when there seems to be no evidence at all of the kind he is 
looking for. 7 Similarly, Carl Becker notes that "the 'facts' of history do not exist for any 
historian until he creates them. " 8 
Though Grant has not yet proved Richard innocent of having the princes murdered, he is 
obviously working toward that goal, and toward detecting "the real criminal," Henry VII. As 
Elizabeth Haddon observes, "it is a well-known device in detective fiction to prove the inno-
cence of an unjustly accused character by establishing the guilt of another";9 and Tey 
heightens.our interest in establishing the guilt of Henry VII by making the pattern of the rest 
of her novel dialectical, a pattern that C. Hugh Hal man describes as typical of many detective 
stories, "with two characters in the present action debating the proper interpretation of data 
discovered from the past." In this way historical evidence is presented in the form of fragments 
that have a "seemingly accidental order that is determined by discoveries in the present, not by 
normal sequence in the past." 1 0 Since Grant begins his investigation in almost complete 
ignorance and since his fellow researcher, Brent Carradine, begins in a similar way and matures 
into an authority also, we are led to feel that their joint interpretation of the past arises natur-
ally and convincingly out of their discussions of the evidence. 
Like the historian who is "always ready with negative instances that limit or destroy the 
possibilities drawn from induction," 1 1 Carradine first proposes an alternative explanation: the 
hunchbacked Richard may have acted out of resentment against his handsome and popular 
older brother Edward IV, who gained the women and the throne that Richard himself 
THE DETECTIVE AS HISTOR IAN 23 
deserved (73). Carradine's research in the British Museum demolishes More's credibility by 
showing that More's source was John Morton, Henry VI l's Archbishop of Canterbury and a 
consirator against Richard. In addition, evidence suggests that More's history may have been 
written by Morton. None of Morton's contemporaries confirm his account or the assumption 
that Richard was a hunchback or that he suffered from a deformity of any kind, so Carradine's 
previous hypothetical explanation of Richard's motivations is discarded (78). Most startling of 
all is Carradine's revelation that there was no mention of the princes' murder even after 
Henry VII took possession of the Tower, which suggests that they were still alive, since it is 
hard to imagine why Henry VI I would not use their deaths as evidence of Richard's villainy 
(80). In fact, Carradine's preliminary investigation indicates that no one accused Richard of 
responsibility for the princes' deaths until Tyrrel confessed to the murder twenty years after 
Richard's death (81 ). 
Because the testimony on Richard's plans has been so confusing and contradictory, Grant 
decides to find out what happened to Edward IV's heirs on the theory that the actions of the 
time speak louder and clearer than the words written afterwards. As they trace the course 
of events from Edward's death to Richard's defeat at Bosworth, Grant and Carradine see no 
opposition among the common people to Richard's actions or to his assuming the role of 
Protector, a role given to him by Edward IV (91, 93). When Bishop Stillington reveals Edward 
IV's secret precontract to marry Eleanor Butler-a precontract that in the view of Richard 
and Parliament invalidated the king's subsequent marriage to Elizabeth Woodville and made 
her children ineligible to inherit the crown-Richard takes no precipitate action to mount the 
throne ( 103). Later Grant assures himself that Richard could not have conspired with 
Stillington to proclaim a lie because he made no preparation to take over t he kingdom by 
force. Stillington's announcement seems to have caught him by surprise (166). Richard be-
headed Hastings, one of the conspirators against his rule, and yet showed no vindictiveness 
against the man's mistress ("a go-between between the Hastings side of the conspiracy and the 
Woodville side") or against his family, even restoring the widow's forfeited estates (100) . 
Another conspirator, Stanley, was pardoned, and Lady Stanley (the mother of Henry V 11) 
suffered no disgrace and had a "place of honour at Richard's coronation" (102). If anything, 
Richard was too magnanimous with his enemies, Grant concludes. Carradine produces a letter 
t hat suggests that Richard reacted more in sorrow than in anger at the plot to overthrow him 
(104). As a popular king, he was not required to establ ish his authority by violently eliminating 
the princes (113). Besides, if he had had the boys murdered in July, and the Woodville-
Lancastrian invasion took place in October of 1485, "why didn't they use the murder of the 
children as a rallying call?" Grant asks ( 115). At the time of Richard's death all of Edward 
IV's heirs were alive and well and free, and the mother of the Princes was on good terms with 
Richard and had even taken a handsome pension from him ( 121, 124). 
Just when the case in favor of Richard's innocence seems proved, Carradine is dismayed 
to discover that there were indeed rumors of the princes' murder used as a rallying call against 
Richard's "usurpation." After Grant suggests that he do some additional research, Carradine 
discovers another rumor in France, and Grant traces both rumors to the pernicious plotting of 
John Morton ( 128-131 ). Both satisfy themselves that there was no general rumor or accusa-
tion against Richard. They surmise that once in power Henry VI I proceeded to rewrite history 
with Richard cast as villain. Henry was the one who stood the most to benefit from Richard's 
and the princes' deaths because his claim to the crown was exceptionally weak; also, because 
by marrying the princes' eldest sister Elizabeth (in a bid to reconcile the Yorkists to his occupa-
tion of the throne), he had also made the princes once again the legitimate heirs of Edward IV 
(135) . Unlike Richard, Henry disposed of all those who might conceivably challenge his claims 
to rule and had the princes secretly murdered because they were the only heirs of Edward IV 
who were too young to charge with having committed treason (137-139). 
Tyrrel , Grant and Carradine conclude, was Henry's not Richard 's hired killer, for his 
confession was never published, and an account of the crime by Henry's court historian 
appeared only after Tyrrel's death (139-141). In order to test his case against Henry, Grant 
puts it against Richard by reenacting the probable order of events: 
"if the keys were handed over for a night on Richard's order, then a lot of junior 
officials at the Tower must have been aware of it. It is quite inconceivable that one 
or other of them wouldn't be ready to tell the tale to Henry when he took over the 
Tower. Especially if the boys were missing ... There would have been the most 
ruthless hue and cry after the man who had given the keys. He would have been 
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Exhibit A in the case against Richard, and to produce him would have been a feather 
in Henry's cap" (141-142). 
Henry VI I never offered any reason for not trying Tyrrel for the murders, and the inevitable 
conclusion that Grant and Carradine reach is that Henry himself used Tyrrel's supposed con-
fession to camouflage his own crime. 
Grant and Carradine seem to be following what H. Stuart Hughes calls the "logic of 
historical discourse," in which one of two conflicting interpretations is demonstrated to be 
"patently untenable": "From there, the way I ies open to theoretical reconstruction. Once the 
historian has rejected the impossible, once he has established the limits within which his cre-
ative urge is free to wander, then he can set out with a good conscience on the boldest quests 
of intellectual discovery." 12 Grant looks for and eventually finds what he calls a "break in 
the pattern," or what one historian refers to as the "significant detail" that stands out as the 
irregularity in the course of past events, which draws attention to itself and provides the 
avenue toward an understanding of what actually happened.' 3 In February 1487-after he 
had made sure of his power as king-Henry VI I had Elizabeth Woodville, the princes' mother, 
shut up in a convent for the rest of her I ife and stripped of her wealth without any explanation 
given except to say "for various reasons" (147-148). Grant and Carradine presume that Henry 
was actually motivated to get rid of the last person who could have inquired about the boys, 
the last person who might have known they were still alive when Richard died(148). Finally 
Carradine incisively sums up his interpretation: 
"Henry's whole case depended on the boys' end being mysterious. No one has ever 
been able to think up a reason for such a hole-and-corner method as Richard was 
supposed to have used. It was a quite mad way to do it. He couldn't hope to get 
away with it. Sooner or later he was going to have to account for the boys not being 
there. As far as he knew he had a long reign in front of him. No one has ever been 
able to think why he should have chosen so difficult and dangerous a way when he 
had so many simpler methods at hand. He had only to have the boys suffocated, and 
let them lie in state while the whole of London walked by and wept over two young 
things dead before their time of fever. This is the way he would have done it too. 
Goodness, the whole point of Richard's killing the boys was to prevent any rising in 
their favour, and to get any benefit from the murder the fact of their deaths would 
have to be made public, and as soon as possible. It would defeat the whole plan if 
people didn't know that they were dead. But Henry, now. Henry had to find a 
way to push them out of sight. Henry had to be mysterious. Henry had to hide 
the fact of when and how they died. Henry's whole case depended on no one's 
knowing what exactly happened to the boys"(167). 
Carradine's solution is inevitable and unarguable in the sense that it counts on the notion that 
Henry V 11 was compelled to destroy the evidence that established Richard's innocence. He 
invokes a conspiracy theory of history, always popular in detective fiction, which specializes, 
in Julian Symons's words, in a "closed circle of suspects." 14 That our versions of history 
have often been controlled and contaminated by the powerful rulers of the victorious side in 
an historic conflict is not a wild accusation. Indeed, much of modern historiography has been 
concerned with rectifying precisely the kinds of distortions of the historical record that The 
Daughter of Time identifies.' 5 It is the province of the detective, and sometimes of the 
historian, to "smell out the evil that is corrupting society, and pursue it through what may be 
a variety of disguises to its source." 1 6 
Of course the detective's seemingly accidental discovery and solution of his case is a 
clever coverup of Tey's own thesis in favor of Richard's innocence, a thesis, which, if pre-
sented directly, would not be nearly as exciting as what the novel has to offer. Our sympathies 
naturally go out to Grant and Carradine as they pit their shrewdness and dialectical strength 
against the false and misleading information encased in official textbook histories. As we see 
them assemble the results of research, advance and then reject and then revise their accounts of 
Richard's actions, we gain confidence in the thesis, for it has been humanized and individualized 
and dramatized as an ongoing action in the present. Thus, when Carradine is distressed by 
learning that the thesis is not new, Grant consoles and excites him again by emphasizing that 
the truly valuable product of their investigation has been the way in which they have conducted 
it. Carradine can still write his book on Richard 111 by stressing what he has uncovered about 
the treatment of historical evidence, and he can crusade against those historians who have been 
all too willing to passively accept the teachings of tradition. 
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II 
The Daughter of Time emerges out of the earlier defenses of Richard by George Buck and 
Horace Walpole, and out of the heated arguments between James Gairdner and Clements 
Markham-the former a traditionalist who regarded Richard as a malevolent usurper and the 
latter a revisionist who exonerated him of all crimes. Tey leans heavily in favor of Markham, 
so that her characterization of Richard seems excessively partisan. Yet in some ways her novel 
(1951) anticipates Paul Murray Kendall 's biography (1955), which has become the standard 
work on Richard 111. Both books argue that a really convincing reading of Richard as a human 
being and ruler must rely not just on the written evidence but on the historian's (detective's) 
own sense of human character, of how the individual grows, develops, and responds to the 
pressures of unexpected events. 
The youthful Richard 's impressive skills as administrator and soldier, his suspicion of the 
greedy Woodvilles' schemes to control the court, his devotion to his brother Edward IV, his 
delicate health and determination to succeed by hard work where his brothers succeeded by 
charm and good looks, his genorosity and lack of vindictiveness-all of these details from 
Kendall ' s biography, which are repeatedly used to define Richard's character, confirm Tey's 
admiring portrait. The recreation of a Richard who prefers a life away from court, away from 
party intrigue, who has no party of his own is found in both the biography and the novel. 
Kendall attributes Richard's aloofness to an austerity, a "rudimentary Puritanism" which made 
him popular with townsmen but anathema to Edward IV's profligate court. 1 7 He clears 
Richard of any overwhelming ambition to capture the crown, and thus, like Tey, rejects much 
of More's history and the statements of Tudor historians. With Edward's abrupt death, how-
ever, Kendall and Tey begin to part company in their interpretations of characters and events. 
It is apparent to Kendal I that Richard must have known that his position as Protector was 
a "slippery eminence, a vulnerable authority," since it lapsed upon the king's coming of age. 
What protection would Richard have should the king and his party turn agai nst him? Richard 
had long ago learned that it was " imposs ible to be safe without being strong" ( 176). Kendall 
interprets Richard's swift execution of Hastings as a " breach in his character, forced by the 
pressu res of an unhappy past which had not been of h is making and the insidious demands of 
a complex, subtle present with which the earnest, strong-willed lord of the moors could not 
deal without corroding his nature" (250) . 
However justifiable Tey makes Richard seem in protecting himself and in associating the 
safety of the realm with his own well being, it seems inevitable, as Kendall suggests, that dark 
suspicions should arise as to his ultimate intentions concerning the princes. For all of his 
impressive service to the crown, Richard was something of an enigma, a mystery to men who 
had not served with him in the North. Moreover, the incarceration of Edward V may have 
caused men to comment on what Kendal l calls the "accustomed fate of deposed monarchs." 
Edward 11 and Richard 11 had suffered violent deaths as the result of deposit ion, and Edward IV 
had "the feeble-witted Henry VI put to silence" (467). Who could say what the dictates of 
Richard's policy might be? Tey, as we have seen, discounts the rumors of the princes' deaths 
during Richard's reign by attributing them to the malevolent influence of John Morton in the 
fen country of England and in France, and she claims that no general rumor to that effect ever 
spread over England during Richard's reign. But she overlooks the report of Dominico Mancini, 
an Italian traveller who stayed in London for about a year (from the latter part of 1482 to 
perhaps July 1483) and recorded that Edward and his brother "were withdrawn into the inner 
apartments of the Tower proper, and day by day began to be seen more rarely behind the bars 
and windows, till at length they ceased to appear altogether, " so that there were misgivings 
expressed about the young king's fate : "I have seen many men burst forth into tears and 
lamentations when mention was made of him after his removal from men's sight; and already 
t here was a suspicion that he had been done away with." 1 8 It is also significant that these fears 
for the princes' safety come just after Mancini 's mention of the execution of Hastings. For it is 
Kendall's judgment that beginning with that sudden act of violence Richard hardened himself to 
retain power. According to Kendall, Richard's murder of the princes may have been necessary 
to secure his rule, though the historian is unable to form a clear picture of Richard's intentions, 
so he is portrayed as a "blurred figure, dark .. . w ith an obscurity not derived from the paucity 
of records alone; there is a darkness within as well as upon him" (389). 
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Other historians confidently portray Richard as boldly scheming to take power; and even 
if one does not agree with their analyses of his nature, their accounts suggest alternative expla-
nations of Richard's actions, which Tey's novel does not acknowledge. A. R. Myers claims that 
"the princes were declared illegitimate on a technicality, and Richard's use of it to become king 
was an unscrupulous act that was bound to weaken the Yorkist dynasty whose interests Richard 
had previously so strenuously defended." The charges of illigitimacy, Myers goes on to say, 
were widely disbelieved and resented by so many of the nobility and gentry that Richard 
"started his reign on a dangerously narrow basis of power." He shut up the princes in the 
Tower in order to prevent demonstrations in their favor; "but this act precipitated the very 
unrest he feared," especially in "the important south of England, " so he decided that he 
would never be safe until they were dead, "and in his impulsive way he probably ordered their 
murder," Myers concludes. 1 9 
Mortimer Levine goes beyond Myers in charging that Richard 's acceptance of the princes' 
illegitimacy was simply the pretext of a usurper. Since Eleanor Butler died in 1468, and the 
princes were born in 1470 and 1472, respectively, he concludes that it is "difficult to see how 
their legitimacy can be denied." A precontract would not affect the status of sons born after 
it had ·been terminated by Lady Eleanor's death ; their parents lived together openly and were 
"accepted by the church and the nation as man and wife. " 2 0 Even more important is Levine's 
judgement that Stil I ington's revelation of the precontract cannot be considered as constituting 
a legitimate piece of historical evidence. He notes that we have only the Bishop's word, and 
that his motivations are suspect; even Kendall, who accepts Stillington's story, admits that 
"resentment against Edward for the loss of his high office, a desire for revenge upon the 
Woodvilles, may have urged him to make his dec laration" (260-261 ). Richard made no attempt 
to test the authenticity of the precontract before a court with jurisdiction over matrimonial 
matters, so "if Richard and his cohorts were unable to produce proof of the precontract, why 
should it not be dismissed as a mere invention?" Levine asks. 21 He rejects Kendall's argument 
that "in the absence of evidence to the contrary, [there is] the strong possibility that 
Stillington's revelation was true" (555) by stating that Kendall's evidence "can be countered 
with evidence or with other inferences of equal or greater weight." 2 2 
Tey is supported by Kendall and other historians who have exposed the inadequate and 
distorted accounts of the princes' murders. Kendall, for example, attacks More's history because 
it is hearsay and improbable. But Kendall and others make it very doubtful that Tey is right 
in claiming that More's history is the product of Morton's conspiracy against Richard 111, for 
there were other sources of information available to More and other reasons for his inaccuracies 
than the single explanation that Morton doctored the historical record. 2 3 Like Tey, Kendall 
exposes the dubiety of Tyrrel's confessions, puzzles over Elizabeth Woodville's seeming trust in 
the man who is supposed to have murdered her sons, and Henry V 11 's failure to accuse Richard 
directly of the murders (476-478, 483-485). And he ends his biography with an assessment of 
Henry VI l's consistently repressive rule, which is only somewhat less negative than Tey's (452-
456) . 
Nevertheless, Kendall finds the case against Henry VI I as the murderer of the princes less 
than compelling, for it necessitates, as A. R. Myers points out, making Henry as completely 
villainous as Richard is innocent. 24 According to Myers, there is "not so much as a hint in any 
source that the boys were in fact murdered by Henry VI l."2 5 Indeed, if Henry was able to 
destroy all evidence of his guilt, then he also should have been able to "produce a clearer and 
firmer story of their murder by Richard Ill than we actually have."26 Both Kendall and Myers 
point to the discovery in the reign of Charles 11 of the skeletons of two boys, which, as Myers 
notes, "were consistent with the sizes and ages of the two princes in 1483,"2 7 and thus seems 
to support the reports of their murder during Richard 's brief rule. 
Kendall speculates that it just might possibly have been Buckingham who was responsible 
for the murder, since he had to displace the princes and then remove Richard from power 
before he could satisfy his ambition to be king (487-488). The virtue of Kendall's hypothesis 
is that it explains Elizabeth Woodville's friendly behavior toward Richard, who might have 
informed her of Buckingham's role in the murder. At the same time Richard may not have 
been aware of the precise manner in which the boys died, or of the whereabouts of their bodies. 
So he may not have been able to put to rest rumors of their mysterious disappearance (493). In 
other words, Richard was stymied. At any rate, "to announce their deaths would be to remind 
his subjects of the dark consequences of his having seized the throne and would doubtless 
arouse as much suspicion against him as conviction of the Duke's gui lt, whatever evidence be 
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advanced"(493). Thus, it is Kendall's supposition that Richard himself and perhaps public 
opinion, too, would hold him responsible for setting in motion the chain of events that led to 
murder, so that Richard, after all his good intentions, had ruptured the royal succession, 
dimmed the luster of his crown, and dulled the loyalty of his people (416-417). 
Recently Alison Hanham has disputed the accuracy of Kendall's biography and even con-
signed it to the "realm of fiction." 2 8 She cites evidence that Richard himself may have spread 
some of the rumors of the princes' deaths, attacks the assumption that Richard was a good 
administrator, and points out that he resorted to forced loans in order to keep himself in 
power. 2 9 She rejects the notion that Richard's character was deliberately falsified and 
blackened by Tudor historians3 0 and views the distortions in their accounts as the inevitable 
product of an age of "conflicting rumors, misunderstood news, [and] wishful thinking." 3 1 
Hanham concludes that there were many inadvertant and accidental alterations in the histori-
cal record as well as conscious enlargements of details for "literary or dramatic effect," especial-
ly in accounts that aimed at "shaping history into a satisfying epic form."3 2 Finally, her most 
telling point, as G. R. Elton has noted, is that the best accounts of Richard's actions are hostile 
to him, and are, moreover, contemporary, "written before Bosworth by men who had no idea 
that York would give way to Tudor." 3 3 Although Hanham succeeds in demonstrating the 
vulnerability of Kendall's interpretation, it is not her intention to offer a full-scale biography, 
and she makes no credible explanation of his whole career, which would supersede Kendall's 
work. For all her assurance in refuting Kendall, she admits to a paucity of evidence in regard 
to Richard's motivations and no easy way to judge the veracity of the chroniclers and historians 
she analyzes. Even the best accounts, therefore, contemporary or otherwise, have serious short-
comings. 
Ill 
It ought to be obvious by now that The Daughter of Time has settled matters in its own 
terms, but not in the terms with which historians habitually deal. Speculation is never stilled, 
the case is never irrefutably closed; there will always be another who will review old evidence in 
a new light or who will point at new possibilities-that the guards at the Tower were in the pay 
of the Tudors who had the princes murdered, 34 or that Lady Stanley also had the motive and 
the opportunity to have the princes done away with. 3 5 Even if such speculations are out-
rageous, 3 6 they point up the constant, unceasing dialectic of historical interpretation. Tey's 
novel helps us to understand this dialectic, but it also resolves conflicting interpretations all too 
easily along the familiar lines of the detective sotry. Or if the 11ovel is history, it is the kind 
which Butterfield has identified and condemned, in which the "historian is the avenger ... 
Standing as a judge between the parties and rivalries and groups of bygone generations he can 
lift up the fallen and beat down the proud, and by his exposures and his verdicts, his satire and 
his moral indignation, can punish unrighteousness, avenge the injured or reward the innocent."3 7 
In my view any historical interpretation of Richard 111 is not right in the sense that it can 
confidently explain exactly what happened and why it happened. Kendall can neither refute 
every point Tey raises in Richard's favor nor prove that the king was personally involved in the 
princes' deaths. Nor, obviously, should Tey's novel be held responsible for answering every 
historical interpretation that differs from its own. Rather Kendall's book is used to measure 
her's because the biography is more complex, more sensitive than the novel to the dynamics of 
what may have been Richard's character and circumstances, and to the dynamics of historical 
interpretation itself. In the end, Tey's novel implies that there is a single, unequivocal explana-
tion of Richard's behavior. The Richard of the novel is too stable and too consistent; he reacts 
to and sometimes encompasses events, but never is he shaped or driven to extremes by the 
extreme situations in which he finds himself. It is hard to believe that Richard's character-no 
matter how steady-did not at least in some ways mirror his society, which was tearing itself 
apart. Surely as he approached the center of power, he committed acts to secure his authority, 
which as a loyal brother to the still living Edward IV he would not have contemplated or 
countenanced. His earlier, simpler life did not prepare him to rule over a court and a kingdom 
that had a history of conflicting loyalties. We can only accept the conclusion of Tey's plot 
when we forget the dark, hidden, and obscure motivations of human beings. It is odd that in a 
novel that deals in mysteries no mystery at al I is detected in the heart of Richard's complex 
personality. As A. R. Myers aptly concludes, "the modern investigator is more likely to be 
impressed by the play of events on a complex nature, in an age of contradictions of character. " 3 8 
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Tey goes too far in abstracting Richard from the conditions in which he actually had to live. 
She does not reflect that Richard 111 and Henry VI I may both have been heavily influenced by 
the opportunities to seize power, which their times offered, and that the two men-and the 
political forces that they represented-may have had more in common than immediately meets 
the eye. As Herbert Butterfield suggests, part of the historian's obligation is "to find the unities 
that underlie the differences and to see all lives as part of the one web of life."3 9 
The deficiencies in Tey's hand I ing of Richard's character seem to stem from the form of 
literature in which she presents her case. In detective fiction, where the plotting out of the 
mystery, of every incident, action, and phrase, must contribute to the puzzle and to its ultimate 
solution, character creation is often a subordinate feature. 4 0 Had Tey paused to ponder the 
ambiguity of Richard's character and the whole range of interpretations that his actions have 
provoked, she would have upset the clear, irrefutable outline of her case. Like the defenses of 
Richard by Horace Walpole and Clements Markham,upon which Tey obviously relied in putting 
together her novel, her defense depends on an untested faith in human nature as essentially 
rational. 4 1 The detective novel, in particular, promises a sure and reasonable explanation of 
personalities and events that only seem unresolvable and mysterious. Few writers working 
within this genre have been prepared to insist upon the enigmatic nature of the past, which 
insures that even the best historical interpretations must be provisional rather than definitive. 4 2 
The dangers of Tey 's fusion of detective fiction and historical interpretation, and perhaps the 
reason why other writers have not followed her lead, are aptiy exposed in George Harmon 
Coxe 's advice to the aspiring mystery writer: 
"Why can't you have a perfect puzzle and still have real people acting it out? Well, 
perhaps you can, but I've never read any such stories. The trouble is that if you are 
intent on presenting a murder problem ... you have to manipulate your characters 
in order to give the puzzle some credibility, and the more you manipulate these 
people to make them fit your murder pattern, the less real they become. " 4 3 
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WINTER FOOD HABITS OF THE RING-NECKED PHEASANT 
(Phasianus co/chicus) IN IOWA. 
Robert C. Kenyon 1 
ABSTRACT. Crops and gizzards from 18 ring-necked pheasants (Phasianus colchicus) were 
collected from 6 November 1976 to 28 February 1977 in Iowa. Importance of food items 
was measured by percentages of volume, weight, and occurrence. Two food items, maize (Zea 
mays) and soybeans (Glycine max), made up 69% of the volume and 74% of the weight of the 
diet, respectively. These two items accounted for 96% of the volume and 95% of the weight 
of crop contents. Parts (mostly seeds) of 39 plant species and 2 animal food items made up 
the remainder. Parts of th ree species of aquatic plants and eight species of upland plants were 
identified. None of them had been reported in recent pheasant food habits studies. 
INTRODUCTION 
Numerous studies of t he food habits of the ring-necked pheasant have been done, mostly 
more than 20 years ago. The two most recent midwest studies will be used for compar ison 
with this study; some comparisons will also be made with Martin, Zim, and Nelson (1951 ). 
Kopischke and Harris (1969) examined crop contents from 533 Minnesota pheasants; 
132 crops were from birds collected during the winter. Korschgen (1964) examined contents 
of 319 crops and gizzards from Missouri pheasants and of 997 crops and gizzards from nine 
midwestern states. The 319 birds from Missouri included 74 collected in winter. The 977 
birds included 25 collected in Iowa during spring. Neither of these two studies included any 
pheasants collected during winter from Iowa. 
This study is directed to winter food habits of Iowa pheasants. Agricultural land use is 
very intense in the state and may have some effect on food habits of the ring-necked pheasant. 
METHODS 
The study was concentrated in Clay and Palo Alto counties in northwest Iowa, but birds 
from other areas of the stat e were also included. Crops and gizzards were obtained from hunt-
ers and road-kill ed birds and were preserved separately in 10% formalin. Sex and age were 
recorded when possible. Preserved crops and gizzards were opened and contents were examined 
in spring, 1977. Food items were separated and volume and weight of each was recorded. 
Volumes were measured by water displacement to the nearest ml or 0.1 ml , depending on item 
size. Weights were taken from oven-dried samples to the nearest 0.01g. Seeds were identified~ 
by personnel at the Iowa State University Seed Laboratory and by Leroy Korschgen, Missouri 
Department of Conservation. Crops and gizzards from 18 pheasants (14 cocks, 4 hens) were 
coll ected from 6 November 1976 to 28 February 1977. Crop and gizzard contents from an 
additiona l two hens that were badly mutilated road-kills were examined qualitatively only. 
Pheasants were collected from Clay (12), Palo Alto (4), Tama (2), Montgomery (1 ), and Wright 
(1) counties. The birds were collected during November (3), December (9), January (4), and 
February (4). 
1 Undergraduate student, Department of Animal Ecology, Iowa State University, Ames, Iowa 
50011. 
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RESULTS AND DISCUSSION 
Forty-one different kinds of plant seeds and two types of animal food items were identi-
fied. Percentage of volume and weight, and percentage of occurrence of each food item are 
shown in Table 1. 
Maize and soybeans accounted for 96% of the volume and 95% of the weight of crop 
contents. This is considerably higher than the 75% volume found by Kopischke and Harris 
(1969) for Minnesota pheasants. These two food items accounted for 69% of the volume and 
74% of the weight of crop and gizzard contents combined, the latter percentage equaling the 
weight reported by Korschgen (1964) for maize and soybeans. Maize made up more of the 
total weight (72%) in the Missouri study than it did in the Iowa study (64%). 
Food items other than agricultural crops were only 1% of the volume of avial crops, a 
smaller percentage than the 3.6% reported by Kopischke and Harris (1969) in Minnesota. 
Korschgen (1964) found that 24% of the weight of the winter diet consisted of native (i.e., un-
domesticated) plant foods, compared to 2°/o in this study. 
Maize and soybeans were less in volume and weight in gizzards than in crops, being 20% 
and 21 %, respectively. Native foods appear more often and in greater quantities in gizzards. 
This likely results from the difference in digestibility of the two types of food, maize and 
soybeans being digested faster than native foods. No measurement of the rate of digestion 
between feeding and death or of postmortem digestion is included in this study. Swanson and 
Bartonek (1970) found variation {caused by digestion) between contents of crops and gizzards 
of blue-winged teal (Anas discors) before and after death. 
Grass, chaff, and vegetative fragments made up most of the volume (63%) of the gizzard. 
This category includes grass leaves and stems that were found in small amounts in 78% of the 
birds examined. Grit was the chief component by weight (57%) of the gizzard and 13% of the 
volume. 
Parts of three kinds of aquatic plants [coontail (Ceratophyllum demersum), pondweed 
(Potamogeton sp.), and watermilfoil (Myriophy/lum sp.)] were found in four of the eight 
pheasants collected in Barringer Slough, Clay county. Aquatic plants were available to the 
birds because the slough was completely dry during winter of 1976-77. Traces of hedge mus-
tard (Sisymbrium officinale), butterprint (Abutilon theophrasti), poverty sumpweed (Iva 
axi/laris), kidney vetch (Anthyllis vu/neraria), parsnip Pastinaca sativa), ox-eyed daisy (Chrys-
anthemum /eucanthemum), and Paronychia sp. were found. None of these upland weeds or 
aquatic plants were reported in the studies by Kopischke and Harris (1969); Korschgen (1964); 
or Martin, Zim, and Nelson (1951 ). 
Ragweed (Ambrosia spp.) and smartweed (Po/ygonum spp.) made up only a small part of 
the total diet, but were found in 67% and 56%, respectively, of the birds examined (Table 1 ). 
They were found in more birds than any other food item except maize. These categories in-
clude two species of ragweed and three species of smartweed. 
Parts of earthworms and Coleoptera larva and adults were found in the crop of a pheasant 
collected 7 November 1976. Hard parts of grasshopper were also found in the gizzard of a bird 
taken 16 February 1977. 
The two road-killed birds not included in the results in Table 1 were from Palo Alto 
county. Gizzards of both contained food items similar to those listed in Table 1 but one giz-
zard contained traces of alfilaria (Erodium cicutarium), a food not reported in the three 
previous studies. 
Iowa pheasants seem to depend almost entirely upon agricultural crops (maize and soy-
beans) for their winter foods and were found to be more dependent on agricultural crops than 
pheasants in Minnesota and Missouri. 
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Table 1. Winter foods in crops and gizzards of 18 Iowa pheasants. 
Crop Gizzard Total 
% % % % % % % 
Food item vol. wt. vol. wt. vol. wt. occur.a 
AGR !CULTURAL CROPS 
Maize (Zea mays) 75.86 82.81 15.80 18.02 54.63 64.00 89 
Soybean (Glycine max) 20.09 12.44 4.06 3.13 14.42 9.74 28 
Oats (Avena sativa) .37 .35 .26 .22 .33 .31 11 
UPLAND HERBS AND WEEDS 
trb Brome grass (Bromus sp.) tr tr tr tr tr 17 
Clover (Melilotus spp.)(2 spp.) tr tr tr tr 6 
Millet (Echinochloa sp.) tr tr tr tr 6 
Ragweed (Ambrosia spp.)(2 spp.) .06 .04 .74 .70 .30 .23 67 
Smartweed 
(Polygonum spp.)(3 spp.) .23 .16 .53 .65 .34 .30 56 
Knotweed (Polygonum sp.) tr .01 tr tr tr .01 17 
Foxtail (Setaria spp.) (2 spp.) tr tr tr tr tr tr 28 
Hedge mustard 
(Sisymbrium officinale) tr .02 tr .01 6 
Butterprint 
(Abutilon theophrasti) .21 .19 .08 .06 11 
Kochia (Kochia scoparia) tr tr tr tr tr tr 11 
Poverty sumpweed (Iva axil/aris) tr tr tr tr 6 
Lamb's quarters 
(Chenopodium album) tr tr tr tr tr tr 11 
Morning glory (!pomoea sp.) .04 .14 .02 .24 22 
Kidney vetch 
(Anthyllis vulneraria) tr tr tr tr 6 
Oock (Rumex sp.) tr tr tr tr 6 
Parsnip (Pastinaca sativa) tr tr tr tr 6 
Ox-eye daisy 
(Chrysanthemum leucanthemum)tr tr tr tr 6 
Paronychia sp. tr tr tr tr 6 
WOODY PLANTS 
Russian olive 
(Elaeagnus angustifolia) .11 .37 .04 . 11 6 
Dogwood (Camus sp.) .26 .41 .09 .12 28 
Hawthorn (Crataegus sp.} tr .03 tr .01 6 
Greenbrier (Smilax tamnoides) .34 .37 .12 . 11 6 
Rosa sp. .30 .53 .11 .15 28 
Sumac (Rhus sp.) tr tr tr tr 6 
Poison ivy (Rhus radicans) tr tr tr tr 6 
AQUATIC PLANTS 
Coontail 
(Ceratophyllum demersum) .70 .67 .13 . 11 .50 .51 17 
Begger tick (Bidens sp.) .02 tr tr tr tr tr 28 
Pondweed (Potamogeton sp.) tr .02 .51 .64 .18 .20 17 
Chufa (Cyperus esculentus)(tubers) - .17 .20 .06 .06 6 
Spi kerush ( E!eocharis sp.) tr tr tr tr tr tr 11 
Water milfoil (Myriophyllum sp.) tr .01 tr tr 6 
Sedge (Carex sp.) tr tr tr tr 6 
MISCELLANEOUS 
Grass, chaff, vegetative fragments 2.32 3.13 62.89 16.88 23.74 7.12 100 
ANIMAL 
Insects (Coleoptera, Orthoptera) .02 tr .09 .04 .05 .01 11 
Earthworm (Annelida) .19 tr .12 tr 6 
GRIT .12 .37 12.81 57.36 4.61 16.90 100 
a% occurrence= [number of birds food item was found in/ total number of birds ( 18)) X 100 
bTrace - <0.01 %. 
34 WINTER FOOD HABITS OF RING-NECKED PHEASANT IN IOWA 
Table 2. Mean volume of total contents and average volume and weight of grit in crops and 
gizzards from 18 pheasants collected in Iowa. 
Volume of crop (ml) 
Volume of gizzard (ml) 
Average volume of gizzard grit (ml) 













0 - 60.9 
7.2 - 19.2 
U.2 - 3.0 
0.61 - 5.84 
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EUROPEAN CORN BORER: RELATIONSHIP OF CARBOFURAN UPTAKE 
AND CORN GENOTYPES FOR SECOND-GENERATION CONTROL1 , 2 
E. C. Berry3 , G. M. Ghidiu 3 , and W. D. Guthrie4 
ABSTRACT. Effectiveness of an application of carbofuran applied over the row at final plant 
cultivation for control of second-generation European corn borers, Ostrinia nubilalis (Hubner), 
and the relationship between corn genotypes and the uptake of carbofuran was investigated. 
Carbofuran was effective in reducing corn-borer populations. The degree of control, however, 
was dependent on corn genotypes; carbofu ran was more effective in reducing damage in test-
crosses (single cross hybrids) than in inbred lines. Response of testcrosses could not be predict-
ed on the basis of the response of inbred parents. 
INTRODUCTION 
Foliar applications of insecticides for controlling first-generation European corn borers, 
Ostrinia nubilalis (Hubner), are usually applied during the whorl stage of plant development for 
first-generation borers and during pollen-shedding stage for second-generation borers. In general, 
granular insecticides have been reported most effective against corn borers. One of the more 
effective granular insecticides, carbofuran, has been reported to provide effective control of 
first-generation borers under certain conditions 45 days after application to the soil (Edwards 
and Berry, 1972). Carbofuran has also been reported to be a systemic insecticide (Edwards 
and Berry, 1972), as well as a contact insecticide for over-the-row application (Berry et al., 
1974). Munson et al. (1970) reported that only 15% of a granular insecticide, when applied 
over the row, is retained by the plant; the remainder falls to the soil. Therefore, experiments 
were initiated in 1974 to determine whether an application of carbofuran applied over the row 
at final plant cultivation and incorporated into the soil would be effective in controlling second-
generation borers. Another objective was to detect possible differences in carbofuran uptake, 
translocations among corn genotypes, or both. 
MATERIALS AND METHODS 
Eleven inbred lines of corn were evaluated in 1974, 21 inbred lines plus 11 testcrosses in 
1975, and 21 inbred lines plus 20 testcrosses in 1976. Limited seed production prohibited 
including all lines and testcrosses in all 3 years. Most of these inbred lines or their derivatives 
are used extensively in the production of corn hybrids. B52 and N7 A are considered resistant 
to sheath-collar feeding by second-generation corn borers; the other inbred lines are considered 
intermediate or susceptible. 
The experimental design was a randomized complete block with split plots. Main plots 
were genotypes, and subplots were either untreated or treated with carbofuran. Nine replicates 
1 Lepidoptera: Pyralidae. 
2 Joint Contribution: Science and Education Administration, USDA, and Journal Paper No. 
J-9107 of the Iowa Agriculture and Home Economics Experiment Station, Ames, IA 50011. 
Project No. 2183. Part of a thesis submitted by the second author in partial fulfillment of the 
require men ts of the Ph.D. degree. 
3 Research Entomologist, Corn Insects Research Unit, Federal Research, Science and Education 
Administration, USDA, Ankeny, IA 50021. 
4 Supervisory Research Entomologist, Corn Insects Research Unit, Federal Research, Science 
and Education Administration, USDA, Ankeny, IA 50021, and Professor, Department of 
Entomology, Iowa State University, Ames, IA 50011. 
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were used in 1974 and four replicates in 1975 and 1976. Each main plot consisted of five rows: 
a carbofuran-treated row, an untreated row, a guard row between the treated and untreated 
row, and one guard row on each side of these rows. 
Carbofuran was applied over the row with a modified high-clearance sprayer (Berry et al., 
1974) at a rate of 3.4 kg Al/ha on July 10 in 1974, July 28 in 1975,and July 7 in 1976. After 
application, the material that fell to the ground was immediately incorporated into the soil with 
disk hillers. The untreated row in each plot received no insecticide, but was cultivated in the 
same way as the treated tow. 
Twenty plants in each carbofuran-treated and untreated row were artificially infested with 
borer egg masses when 75% of the genotypes were in the pollen-shedding stage of plant develop-
ment (ca. 30 days after insecticide application) with six blackheading egg masses per plant in 
three applications of two masses each, spaced 2 days apart (Berry et al., 1974 ). 
Ratings of sheath-collar damage ( 1 = no damage to 9 = extensive damage) described by 
Guthrie et al. (1978) were made on a plot basis. Damage in the stalks was determined by split-
ting the stalks from the tassel to the soil surface and recording the number of cavities. 
RESULTS AND DISCUSSION 
In all experiments, carbofuran was effective in reducing sheath-collar damage and stalk 
cavities caused by corn borers. Significant differences between corn genotypes were recorded 
for all three experiments. The interaction between genotype and insecticide treatment was 
highly significant for both methods of evaluation in 1974, significant for only the sheath-collar 
plot evaluations in 1975, and not significant for either method of evaluation in 1976. 
In 1974, B 14A, Mo 17, and B52 were the only genotypes that did not differ between the 
treated and untreated plots, as measured by the sheath-collar plot rating system (Table 1.) 
Table 1. Effect of carbofuran on European corn borers, 1974. 
Mean ~lot rating Mean no. cavities/~lant 
Genotype Untreated Treated D ifferencea Untreated Treated D ifferencea 
A239 6.9 4.0 2.9a* 13.3 4.0 9.3a* 
B37 6.8 3.9 2.9a* 10.0 2.4 7.6a-c* 
WF9 7.2 4.3 2.9a* 13.6 4.7 8.9ab* 
B75 5.6 3.2 2.6ab* 12.3 4.1 8.2ab* 
Oh43 6.4 4.0 2.4ab* 12.0 3.1 8.9ab* 
W182E 9.0 6.6 2.4ab* 18.7 13. 7 5.0cd* 
B73 6.7 4.6 2.1ab* 15.0 7.1 7.9ab* 
B70 6.8 4.8 2.0ab* 13.7 7.5 6.2b"d* 
B14A 5.6 3.9 1.7bc 10.9 3.9 7.oa·c* 
Mo17 5.2 4.3 0.9c 8.1 4.4 3.7de 
B52 4.0 3.2 0.8c 2.8 0.6 2.2e 
x 6.4 4.3 2.1 11.8 5.2 6.8 
aAny two means not followed by the same letter are significantly different at the 5% level. 
*Difference between treated and untreated plots within a genotype is significant at the 5% level. 
As measured by stalk cavities, only Mo17 and B52 did not differ· significantly between the 
treated and untreated plots. The lack of response in inbred B52 may have been caused by its 
high degree of resistance to second-generation borers. Compared with the other nine inbreds, 
Mo17 and B52 sustained the least damage in the untreate.d control, as measured by both evalua-
tion systems. 
Comparison of this difference between treated and untreated plots on an inbred basis showed 
that Mo17 and B52 were also significantly different from the other inbreds when ·rated on a 
plot basis, and, in most instances, on a cavity basis. 
The interaction between genotypes and insecticide treatment, as measured by stalk cavities, 
resulted primarily from the highly susceptible W182E, which averaged only 23% control because 
of carbofuran application and the highly resistant B52 which averaged 79% control because of 
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carbofuran. On the sheath-collar rating system, the interaction resulted primarily from differ-
ences in the response of 852 and Mo17, as compared with the more susceptible inbreds. 
In 1975 the experiment was expanded to include 21 inbreds; also, 11 testcrosses (inbred 873 
was the testcross parent) were included to determine relationship between inbred lines vs. test-
crosses (inbred lines in test combination). 
Significant differences between untreated and treated plots generally were in testcross plots, 
rather than in inbred plots (Table 2). Eight genotypes showed a significant difference in sheath-
collar damage betvveen treated and untreated plots, seven of which were testcorsses. This trend 
was also evident when differences were measured by stalk cavities. 
Table 2. Effect of carbofuran on European corn borers, 1975. 
Mean !:!lot rating Mean no. cavities/!:!lant 
Genotype Untreated Treated Differencea Untreated Treated Differencea 
875 x 873 6.8 3.5 3.3a* 12.4 6.9 5.5a-d 
857 x 873 5.3 2.1 3.0ab* 13.0 4.2 8.8a* 
837 x 873 7.0 4.0 3.0ab* 16.4 7.6 8.8a* 
814A 7.0 4.0 3.0ab* 16.8 10.1 6. 7a-c* 
814A X 873 6.8 4.0 2.8a-c* 14.8 6.4 8.4ab* 
Va26 X 873 6.3 3.5 2.8a-c* 9.7 7.3 2.4b-d 
A239 X 873 7.5 5.0 2.5a-d* 11.1 6.6 4.5a-d 
N7A X 873 6.8 4.5 2.3a-e* 11.7 5.8 5.9a-d 
A619 8.3 6.5 1.8a-f 17.4 11.4 6.0a-d 
H98 6.0 4.2 1.8a-f 12.4 9.6 2.8a-d 
Mo17 X 873 7.0 5.5 1.5a-f 12.6 8.2 4.4a-d 
837 7.0 5.5 1.5a-f 12.8 8.9 3.9-a-d 
Mo17 7.5 6.0 1.5a-f 15.1 11.6 3.5a-d 
H95 X 873 7.0 5.5 1.5a-f 9.2 5.2 4.0a-d 
H95 8.8 7.5 1.3a-f 10.7 7.6 3.1a-d 
Va26 6.5 5.2 1.3a-f 11.2 8.5 2.7a-d 
873 8.5 7.5 1.0b-f 15.3 12.5 2.8a-d 
870 x 873 7.0 6.0 1.0b-f 12.1 8.4 3.9a-d 
N28 X 873 6.8 5.8 1.0b-f 16.4 12.8 3.6a-d 
Oh43 7.8 6.8 1.0b-f 11.6 9.2 2.4b-d 
857 4.8 4.0 0.8c-f 12.3 8.7 3.6a-d 
C123 6.8 6.0 0.8c-f 11.2 11.2 O.Od 
A239 6.3 5.5 0.8c-f 18.1 11.4 6. 7a-c* 
875 5.8 5.0 0.8c-f 12.8 7.9 4.9a-d 
W64A 6.8 6.0 0.8c-f 15.3 11.2 4.1a-d 
852 3.3 2.5 0.8c-f 7.6 4.8 2.8a-d 
A632 7.0 6.5 0.5d-f 14.4 11.4 3.0a-d 
N28 4.8 4.3 0.5d-f 17.7 16.7 1.0cd 
N7A 3.3 3.0 0.3ef 9.4 7.0 2.4b-d 
870 8.3 8.0 0.3ef 18.0 16.1 1.9cd 
WF9 7.0 6.7 0.3ef 12.0 9.3 2.7a-d 
W182E 9.0 9.0 O.Of 19.5 16.9 2.6a-d 
x 6.7 5.3 1.4 13.5 9.4 4.1 
aAny two means not followed by the same letter are significantly different at the 5% level. 
* Difference between treated and untreated plots within a genotype is significant at the 5% level. 
Differences in cavity counts between treated and untreated plots were statistically significant 
in only five genotypes. Differences between inbred and testcross reactions might be explained 
by ( 1) the possibility that hybrids have a larger root system compared with that of smaller, 
slower growing inbred lines and thus have a greater ability to absorb carbofuran from the soil, 
and (2) the fact that hybrids grow faster than inbreds and possibly may have had larger whorls 
than inbreds when carbofuran was applied over the row, enabling more granules to be trapped 
by the leaves. 
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In 1976, 21 inbred lines and all possible testcrosses of these inbreds (20 testcrosses; 873 was 
the testcross parent) were used (Table 3). Significant differences between treated and untreat-
ed plots occurred with 875 and A239 X 873 (as measured by sheath-collar damage) and with 
A619 and H98 (as measured by stalk cavities). However, data from the other genotypes suggest 
differences between treated and untreated plots for a genotype, as well as differential response 
among genotypes. A greater reduction of corn-borer stalk cavities was generally obtained in 
testcrosses, rather than in inbred lines of corn (Table 3). 
Table 3. Effect of carbofuran on European corn borers, 1976. 
Mean ~lot rating Mean no. cavities/~lant 
Genotype Untreated Treated D ifferencea Untreated Treated D ifferencea 
875 7.8 4.5 3.3a* 6.8 3.8 3.0a-c 
A239 X 873 6.0 3.7 2.3ab* 6.3 3.6 2.7a-c 
857 x 873 6.3 4.8 1.5bc 4.6 2.9 1.7bc 
H95 8.3 6.8 1.5bc 9.3 7.2 2.1a-c 
A619 X 873 6.8 5.3 1.5bc 5.9 3.2 2.7a-c 
Va26 7.5 6.0 1.5bc 6.9 4.0 2.9a-c 
A619 8.0 6.8 1.3bc 10.4 4.9 5.5a* 
852 x 873 4.3 3.0 1.3bc 3.0 2.1 0.9bc 
WF9 7.6 6.3 1.3bc 6.9 5.1 1.8bc 
852 3.5 2.2 1.3bc 3.0 1. 1 1.9a-c 
Oh43 X 873 8.1 7.8 1.3bc 4.4 2.1 2.3a-c 
H98 7.8 6.5 1.3bc 9.5 5.7 3.8ab* 
B14A X 873 6.3 5.0 1.3bc 4.8 2.9 1.9a-c 
H95 X 873 6.0 5.0 1.0bc 5.8 3.8 2.0a-c 
WF9 X 873 6.8 5.8 1.0bc 4.9 3.5 1.4bc 
857 5.8 4.8 1.0bc 6.7 4.8 1.9a-c 
875 x 873 4.8 3.8 1.0bc 5.1 2.8 2.3a-c 
873 6.0 5.0 1.0bc 6.5 3.7 2.8a-c 
837 7.5 6.5 1.0bc 6.6 4.9 1.7bc 
W64A X 873 7.0 6.0 1.0bc 7.0 4.0 3.0a-c 
A632 X 873 6.5 5.8 0.8bc 4.2 3.7 0.5bc 
Va26 X 873 5.3 4.5 0.8bc 4.0 2.6 1.4bc 
C123 X 873 5.3 4.5 0.8bc 4.6 4.6 O.Oc 
H98 X 873 6.0 5.2 0.8bc 6.1 4.3 1.8bc 
Mo17 X 873 6.6 5.8 0.8bc 6.6 4.0 2.6a-c 
W64A 7.0 6.5 0.5bc 10.5 10.8 -0.3c 
A632 8.0 7.5 0.5bc 7.7 8.0 -0.3c 
837 x 873 6.0 5.5 0.5bc 4.5 3.2 -1.3bc 
Mo17 7.8 7.3 0.5bc 8.9 7.6 1.3bc 
N28 6.5 6.0 0.5bc 6.8 4.3 2.5a-c 
W182E 9.0 8.5 0.5bc 15.6 14.6 1.0bc 
N7A X 873 5.3 4.8 0.5bc 4.5 3.3 1.2bc 
Oh43 8.0 7.7 0.3c 9.7 8.0 1.7bc 
A239 6.1 5.8 0.3c 7.1 5.7 1.4bc 
W182E X 873 6.8 6.8 O.Oc 8.5 8.6 -0.1c 
B14A 8.3 8.3 O.Oc 5.3 2.4 1.9a-c 
C123 6.8 6.8 O.Oc 9.0 8.2 0.8bc 
N28 X 873 4.8 4.8 O.Oc 3.9 3.6 0.3bc 
870 6.8 6.8 O.Oc 8.0 8.7 -0.7c 
N7A 4.3 4.3 O.Oc 3.1 3.3 -0.2c 
870 x 873 5.3 5.3 O.Oc 3.3 2:3 1.0bc 
:x 6.5 5.6 0.9 6.5 4.8 1.7 
aAny two means not followed by the same letter are significantly different at the 5% level. 
*Difference between treated and untreated plots with in a genotype is significant at the 5% level. 
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Hybrids produced by crossing inbreds resistant to sheath-collar feeding with susceptible 
inbred B73 generally resulted in a testcross that was intermediate in resistance to sheath-collar 
feeding by corn borers. In other genotypes, however, the response of testcrosses could not be 
predicted from the response of inbred parents. 
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CHILDREN, PHYSIOLOGICAL SWEATING, 
TEACHING APPROACHES, AND ANXIETY. 
A. A. Rupnow1 
ABSTRACT. Activation levels of 120 fourth- and fifth-grade children were collected via a 
Sweat Bottle Measurement. This measure was used to determine palmar sweating of subjects 
involved in different teaching strategies. An additional aspect of the study was to identify 
children who were anxious about their physical education performance and to compare their 
sweat sample with a control group's sweat sample. Anxiety group determinations were made 
from the results of a Physical Education Anxiety Scale for Children. The Sweat Bottle 
Measurement used was the purified, water-fingertip technique. The teaching settings during 
which sweat samples were collected were problem-solving and competitive situations. The 
independent variable (method of teaching) was alternated each session, and repeated a total of 
six times for all the 120 subjects studied (consisting of four classes with 30 subjects in each 
class) . Sweat bottle readings for the three competitive periods were averaged as were the 
readings for the three problem-solving periods for those subjects (N=110) with complete data. 
A split-plot analysis of variance (ANOVA) examined the amount of palmar sweating on the 
variables Sex (male versus female), Method (problem-solving versus competitive), and Anxiety 
(anxious versus nonanxious). While the split-plot ANOVA Sex, Sex-by-Method, and Anxiety 
were nonsignificant, the Method effect was highly significant F(1, 108)=110.81, Pis less than 
.0001. It was concluded that fourth- and fifth-grade children of both sexes exhibited more 
pal mar sweating under competitive conditions than under problem-solving conditions. 
INTRODUCTION 
Although pressure to humanize and individualize instruction constantly bombards the 
physical education instructor, the implementation of certain teaching methods recognized for 
their positive effect on children's personalities and ensuing motor performances is emerging 
quite slowly. A major reason, perhaps, that causes individuals to cling to traditional "tried and 
true" methods of teaching and not adopt movement education approaches may be caused in 
part by a lack of research evidence indicating that the newer methods are more effective (Scott 
1967, Mashe 1970, Rupnow 1974). However, a critical examination and evaluation of much of 
the methodological research indicates only a few studies that compare traditional and movement 
education approaches. In that few, the conclusions favoring approach A over approach Bare 
basically biased because different systems have different uses and yet are evaluated on outcomes 
that they had not been designed to produce. In other words, to evaluate an approach designed 
to influence the child's social-emotional behavior and to a lesser degree its effect on skill 
acquisition and then impose a measure on the data, which evaluates skill acquisition alone, 
makes the results pointless and biased. 
The purpose of this study was to examine the activation levels of children while they 
experienced two differing teaching approaches-a competitive approach and a problem-solving 
approach. An additional aspect of the study was to identify children who were anxious about 
their physical education performance and to compare their sweat samples with a control group's 
1 Assistant Professor, Department of Physical Education, Iowa State University, Ames, Iowa 
50011. 
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sweat sample. A further purpose was to describe children 's feelings about the two different 
environments-competitive and problem-solving. 2 
METHODS 
Subjects 
Two fourth-grade and two fifth -grade classes from an elementary school were selected as 
subjects for this study on the basis of having qualified six children per class as high anxious. 
This determination was made from the results of a Physical Education Anxiety Scale for 
Children, which had been administered to all 10 of the fourth- and fifth-grade classes in the 
elementary school. The total number of subjects included in this phase of the study was 120, 
with 30 children in each of the four classes. 
Instrument 1. A Physical Education Anx iety Scale for Children (PEASC) devised by Rupnow 
(1976) was used to determine subjects' anxiety about motor performance during a physical 
education class. This scale totaling 20 items is modeled after Sarason's (1960) Anxiety Scale 
for Children but reflects worry about the physical education environment, not the academic 
subject matter as does Sarason's scale. The reliability coefficient was .82 and a study is 
presently underway to establish further validity of the scale. In this investigation children who 
circled yes to 13 or more items of the 20-i tem PEASC were labeled as anxious subjects. 
Children circling 12 or less yes items were designated as the control group. 
Instrument 2. The sweat bottle measure developed by Strahan, Todd, and Inglis (1974) was 
used to determine palmar sweating. In this method a small plastic bottle container of distilled 
water is inverted on a fingertip for a few seconds, then capped. Ions from the sweat are thus 
collected and increase the conductivity of the bottle's contents: the more sweat (and h~nce 
ions) collected, ,the greater the conductivity, which is measured at some convenient later 
time by inserting an electrode holder with electrodes into the bottle and recording the voltage 
drop across the solution. Reciprocals of the voltage readings then express palmar sweat level in 
conventional conductance terms. Strahan et al. (1974) reported that the reliability of this 
sweat bottle technique was adequate (reliability coefficients ranging from .73 to .93) and that 
its validity was promising. · 
PROCEDURES 
The independent variable (i.e., the method fo teaching) was alternated at each lesson and 
repeated a total of six times for all the classes studied. One day a lesson was taught via the 
problem-solving method and the next lesson via the competitive approach. To prevent an 
order effect within, the repeated measures design was used . Two classes (sixty S's) were begun 
with the competitive treatment, and two classes (sixty S' s) were begun with the problem-
solving treatment. 
The problem-solving approach consisted of a two-part lesson with the introductory phase 
used to explore a movement theme. An example theme, such as wide and narrow shapes, was 
explored by children through challenges, some of which were: "At a low level, take up as much 
space as possible, stretch your body parts, now become as thin as possible. Now move to a 
middle level, and while balancing on three body parts, make a wide shape, now a narrow shape. 
Can you move backward in that shape? .... " 
Five stations with different pieces of gymnastics-related equipment at each station were 
set up in the gymnasium. Following the theme introduction, six children were designated to 
go to each station. The children were instructed to invent different ways of moving across, on, 
and over equipment, within the confines of the theme emphasized in the introductory phase. 
The first 8 minutes of a 30-minute class period were devoted to the introductory phase, leav-
ing about 20 minutes for station work with rotation taking place every 4 minutes. 
2 This aspect of the study was reported by Rupnow in the "Physical Educator" 33: 186-188. 
1976. 
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On competitive days the introductory phase of the lesson consisted of structured move-
ment commands that were gymnastics related. These commands were, for example: "Straight 
sitting, straddle seat, tuck, roll back with a tuck, come up with a tuck, repeat three times, 
squat position to straight standing, jump and tuck, repeat three times, jump and straddle, .... " 
The lesson then continued at the stations where the children were instructed to complete the 
tasks assigned at each station. These tasks included group races, contests, self-testing charts, 
standards on cards, obstacle courses, and similar structured activities for which time and 
performances were recorded by the child or the instructor. 
The researcher was in charge of all the instruction during the six periods in which each 
class met. After the introductory phase, the children moved to their first station and the 
researcher moved to the testing station. The regular physical education specialist assigned to 
the elementary school observed the children's performance at the four other stations, 
watched the clock for rotation purposes, and conducted some of the contests on competitive 
days. At the testing station the students (six at a time) were given specific instructions con-
cerning the performance expectations at that station. After the instructions were given and the 
children had a moment to think about them, the sweat bottle measurement was taken of the 
six children at that station. 
Each polyethelyne bottle was labeled with the students' last names. The bottles were pre-
arranged by squads and set on the lunch counter for quick accessibility. The children uncapped 
the bottles, held them in their writing hands, pressed the index finger of the other hand against 
the bottle opening, and tipped it right side up. The index finger was then withdrawn from the 
bottle with a slow, scrapping motion to assure full retrieval of all the water into the bottle. 
The second finger was then pressed to the bottle, and the process was repeated. After the two 
measurements were taken, the bottles were capped, placed in a box, and the children were 
instructed to begin the movement activity at that station. The entire sweat bottle measurement 
consumed no more than 20 seconds and the administrator was able to ensure consistency in the 
measurement task. This process was repeated at the same testing station five times so that one 
sample each lesson was collected from all of the 30 subjects in each class. The bottles were 
placed in a box and returned to the laboratory to be analyzed. 
The gymnastics equipment used at the testing station during the six lessons was stilts, 
Yugoslav ladders arranged as a double A-frame, and a cargo net. An example of the statements 
made on a problem-solving day at the test station (e.g., cargo net) prior to taking the sweat 
bottle measurement was: "Today at this station you can experiment with hanging and making 
different shapes as you did on the floor in the introductory part of the period. You might ex-
plore climbing up and over the net, making wide and narrow or curled and stretched shapes as 
you climb. You are not racing. You might be thinking about what shapes you are making and 
what body parts you are using while making those shapes. Do you understand what you may 
do today at this station?" After a pause which allowed the subjects a chance to think about 
the movement requirements, the subjects were told to come to the counter and take the sweat 
measurement. 
An example of the statements made on a competitive day prior to sweat measurements 
at the cargo net was: "Today at this station you will have a timed race to find out which 
group is able to climb up the cargo net, over the top, and down the other side in the shortest 
amount of time. I will stop the watch when five of you have gone over and have both feet in 
the bottom rung of the net. After the team race we will have an individual race to see who is 
the fastest cargo net climber in the class. Do you all understand how the race is to be held?" 
(Note that the cargo net was fastened to a horizontal ladder with one-half draped on each side 
of the ladder. This amounted to a climb up of 6 feet, over the ladder width of about 3 feet, 
and a descent of 6 feet, making it a safe height for quick movements.) A moment was allowed 
for questions and contemplation and then a sweat bottle measurement took place prior to the 
race activity. 
It should be noted that prior to the experiment the children were told that for six periods 
they would be participating in a gymnastic-type unit and that their teacher would be a physical 
educator from a nearby university. They also were told that one day the lesson would be a 
problem-solving lesson and they would make shapes and invent different ways of moving on 
and over the equipment brought to their school. Another day they would have contests, races, 
and tasks to perform on that same equipment. The children were informed that a sweat sample 
would be taken. This sweat bottle measurement method was explained and demonstrated. 
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The children were always asked to sit Indian-style at the testing station and not to wipe 
their hands until after the measurements were taken. The children were observed to follow 
these instructions. Finally, the stations were so arranged that the two stations preceding the 
testing station were of light activity (balance stations) so that the sweat ions collected were 
primarily from psychological and not physiological inducements. The entire experiment was 
carried on indoors where a prelesson check was made to ensure constant room temperature 
throughout the experiment. 
STATISTICAL ANALYSES 
Sweat bottle readings for the three competitive periods were averaged, as were readings 
for the three problem-solving periods, for those subjects (N = 110) with complete data. A 
split-plot analysis of variance (ANOV A) examined the amount of pal mar sweating on the 
variables Sex (male versus female), Method (problem-solving versus competitive), Sex-by-
Method interaction, and Anxiety. 
Whereas the split-plot ANOVA Sex and the Sex-by-Method interaction yielded nonsignifi-
cant results,those from the Method effect were highly significant : F(1, 108) = 110.81, p>.001 
(Table 1 ). Chi ldren of both sexes exhibited more pal mar sweating under competitive than 
problem-solving conditions. 
Table 1. Summary of ANOV A. 
SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE p 
Sex 0.3859596 0.38595962 1.28 0.259 
Method 6.5819582 6.58195822 110.81 0.0001 
Subjects 108 32.5474450 0.30136523 
Sex-Method 0.0417957 0.04179568 0.70 0.592 
Method-Subject 108 6.4149736 0.05939490 
Total 219 45.9721322 0.20991841 
There were no significant effects for any analyses involving the subjects relative to anxiety 
differentiation. 
CONCLUSIONS AND DISCUSSION 
The conclusions from this study based on the sweat bottle test were that children of both 
sexes exhibited more palmar sweating under preperformance competitive conditions than pre-
performance problem-solving conditions. This implies that children of both sexes are more 
highly aroused in competitive situations. However, this conclusion does not imply that high-
level arousal facilitates or impedes motor performance. Motor learning experts have concluded 
that some arousal is important for inititiating and maintaining movement to accomplish motor 
tasks. However, this level of arousal has not been establ ished and would vary from individual 
to individual based on the individual's personality, environmental variables, and task 
complexity. 
It was also concluded that regardless of the teaching method used, the preactivity 
physiological reaction of high-anxiety individuals (those identified as perceiving the physical 
education environment as generally threatening) was not significantly different when compared 
to the physiological reaction of the control group consisting of nonanxious individuals, In light 
of this finding, within the limitations of the anxiety instrument, one might conjecture that be-
cause no significant differences occurred, high-anxiety individuals were not adversely affected 
by the competitive lessons. 
Finally, because skill acquisition itself was not measured or evaluated, the question of 
whether the environment (method) facilitated or inhibited motor performance was not 
answered; therefore a conclusion was assumed that neither method is superior. However, the 
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physical educator must be aware that the competitive method does highly arouse the child and 
the following question is to be considered: Is it beneficial for the child to be continually 
highly aroused period after period, day after day? The most appropriate procedure to answer 
such a question would be to observe the motor performance and sociopsychological behavior 
of children over a long period of time to test the effect of this type of teaching. This would 
be within the realm of experimental possibility, as many physical educators do hold to the 
philosophy that competition fosters skill development and raises levels of performance. Such 
settings from which to gather data do exist. 
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ASSOCIATION OF Giardia muris WITH AN ANOPLOCEPHALI D CESTODE 
Darwin D. Wittrock' 
ABSTRACT. Trophozoites of Giardia muris were found attached to the acetabular tegment of 
the anoplocephalid cestode Mathevotaenia symmetrica from laboratory mice. The relationship 
between an intestinal flagellate and a cestode represents a paraneoxenous association and is 
probably accidental when heavy infections of Giardia are present in the mouse intestine. 
INTRODUCTION 
During an ultrastructural study of the anoplocephalid cestode Mathevotaenia symmetrica 
(Baylis, 1927) from laboratory mice, numerous trophozoites of Giardia muris were found asso-
ciated with the acetabular tegument of this cestode. Although associations of Giardia with 
trematodes and nematodes have been observed, associations with cestodes have previously been 
unreported. Observations of this relationship are presented in this paper. 
MATERIALS AND METHODS 
Mice (Mus muscu/us) infected with both Giardia muris and Mathevotaenia symmetrica 
were obtained from the animal laboratory of the Department of Genetics, Iowa State Uni-
versity. Upon removal from the small intestine, cestodes were immediately processed for 
transmission electron microscopy. They were fixed in 3% glutaraldehyde in phosphate buffer 
for 3 hours at 4° C. After three buffer washes, specimens were post fixed in 1% osmium 
tetroxide for 2 hours. Dehydration in a graded acetone series was followed by infiltration and 
embedding in Luft's epon mixture. Thin sections, mounted on uncoated copper grids, were 
stained in uranyl acetate and lead citrate and were examined with an Hitachi HS-8 electron 
microscope. Additionally, on~icrometer sections were mounted, unstained, on glass slides 
and were examined with a Leitz phase-contrast microscope. 
RESULTS AND DISCUSSION 
Phase-contrast microscopy of sections of the scolex of M. symmetrica revealed Giardia 
trophozoites lying deeply within the lumen of acetabula near the acetabular tegument (Figure 
1 ). As many as six trophozoites were observed within a single acetabulum. Ultrastructurally, 
Giardia was found with its ventral surface apposing the microtriches of the acetabular synteg-
ument (Figure 2). Intimate contact between the ventral disk and microtriches was not ob-
served at attachment sites, nor was any distortion of the syntegument visible at these sites. 
Attachment was similar to that described by Friend (1966 ) and Bockman and Winborn (1968) 
for Giardia muris attached to mouse intestinal epithelium. 
Trophozoites of Giardia spp. have previously been reported from the caeca of the trema-
tode Echinostoma revolutum by Callot (1942) and from three species of intestinal nematodes 
(Thomson, 1925; Graham, 1935; Dissanaike, 1954). Such a relationship in which intestinal 
flagellates of vertebrate hosts have secondarily taken up residences in helminth parasites of 
1 Former Graduate Student, Department of Zoology, Iowa State University, Ames, Iowa 50011. 
Present Address: Department of Biology, University of Wisconsin, Eau Claire, Wisconsin 54701. 
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Figures 1-2. Association of Giardia muris with cestode Mathevotaenia symmetrica. 
Figure 1. Phase-contrast photomicrograph of Giardia in lumen of acetabulum. Rectangle 
depicts area in Figure 2. 
Figure 2. Electron micrograph of Giardia trophozoite attached to acetabular tegument. 
ST, syntegument; MT, microtriches; VD, ventral disk; F, flagella; MB, median body. 
these hosts has been termed a paraneoxenous association by Brum pt and Lavier ( 1936) to 
differentiate this association from true hyperparasitism. Graham (1969) also suggests that in-
vasion or simple penetration of one parasite by another does not constitute true hyperparasitism. 
Paraneoxenous associations are most likely accidental and probably occur when heavy infections 
of Giardia are present in the mouse intestine. 
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EUROPEAN CORN BORER: RELATIONSHIP BETWEEN STALK DAMAGE 
AND YIELD LOSSES IN INBRED AND SINGLE-CROSS SEED CORN 1 , 2 
E. C. Berry 3 and J. E. Campbell4 
ABSTRACT. The effect of European corn borers, Ostrinia nubilalis (Hubner), on yields of two 
inbred lines of corn and their F 1 single-cross hybrid was investigated during 1969-70. An in-
festation by both first- and second-generation borers reduced yields to a greater extent than 
did first-generation borers alone. On a basis of quintal reduction per cavity, however, yields 
were reduced to a greater extent as a result of first-generation infestations. Estimated yield 
reductions from first-generation borer infestations were 2.43 and 2.81 q/ha per cavity per plant 
for WF9 in 1969 and 1970, respectively. Reductions for B37 were 3.23 and 3.68 q/ha per 
cavity in 1969 and 1970, respectively. In 1970, WF9 X B37 was reduced in yield by an esti -
mated 4.08 q/ ha per cavity per plant. 
Estimated yield reductions from the combined attack of the two generations were 1. 76, 
1.54, and 2.20 q/ ha per cavity per plant for WF9, B37, and WF9 X B37, respectively, in 1969. 
In 1970, the relationship betw~en cavities and yields was curvilinear, indicating that yield loss 
per cavity decreased as the number of cavities per plant increased. 
INTRODUCTION 
Kwolek and Brindley ( 1959) reviewed research on the effects of European corn borer, 
Ostrinia nubi/alis (Hubner), infestations on the yield of open-pollinated and hybrid strains of 
corn. Likewise, Chiang et al. ( 1960) and Sparks et al. ( 1967) discussed methods for estimating 
yield losses caused by corn borers on corn hybrids. Little information is available, however, on 
the effects of corn borer injury on yield of inbred lines. 
The only report found to contain any information on the effect of the corn borer on the 
yield of inbred lines was that of Fleming et al. (1958). Yield data were presented from experi-
ments conducted in 1950 involving four inbreds classified as susceptibl~ and six inbreds classi-
fied as resistant. Susceptible inbreds in the absence of borers yielded 21.8 q/ha, whereas the 
same inbreds infested with five egg masses per plant yielded 14.3 q/ha. Resistant inbreds in the 
absence of borers yielded 17.8, and infested plants yielded 16.1 q/ha. 
Profitable production of corn grown for grain has been made possible by advances in 
hybrid seed corn production. Inbred I ines are developed and tested in hybrid combination for 
multiple agronomic characters and these character requirements will vary for different environ-
ments. This study was designed, therefore, to determine the effects of the corn borer on yields 
of two inbreds and their F 1 single-cross hybrid. 
1 Joint contribution: Science and Education Administration, USDA, and Journal Paper 
No. J-9079 of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa 
50011. Project No. 2183. 
2 This paper reports the results of research only. Mention of a pesticide in this paper does not 
constitute a recommendation for use by the U. S. Department of Agriculture or cooperators, 
nor does it imply registration under FIFRA, as amended. 
3 Entomologist, Science and Education Administration, USDA, Corn Insects Research Unit, 
Ankeny, Iowa 50021. 
4 Entomologist, Pioneer Hi-Bred International, Inc., Johnston, Iowa 50131. 
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METHODS AND MATERIALS 
Experiments were conducted at the Corn Insects Research Unit, Ankeny, Iowa, during 
1969-70. Corn-borer-susceptible inbreds WF9 and B37 and their F1 progeny, WF9 X B37, were 
planted as separate experiments both years. The corn was hand planted on 76.2-cm centers, 
and hills within the row were spaced 50.8 cm apart. Stands were thinned to obtain a final plant 
population of 51,020 plants per ha. 
Each experiment was designed as a randomized complete block with split plots and five 
replications. Fourteen levels of corn borer infestations were established on the main plots 
(Table 1 ). Main plots were split to form two four-row subplots for the purpose of evaluating 
the effects on yield of ( 1) first-generation borers and (2) combined attack of first- and second-
generation borers. 
Table 1. Treatment regimes employed in 1969 and 1970 to evaluate first- and first- plus 
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aDuring the period of natural second-generation oviposition, all first-generation plots received 
DDT treatments to minimize natural second-generation infestation. 
bFor first- plus second-generation evaluation, the plots received the indicated number of egg 
masses or chemical treatment du ring the whorl state as for first-generation plots and in addition 
received the same number of egg masses or chemical treatment as a second-generation treatment 
during full pollen shed. 
cN = natural infestation, EM= egg masses. 
Plots were artificially infested with borer egg masses and evaluated in the manner de-
scribed by Guthrie et al. (1971 ). Chemical treatments were applied as described by Berry et al. 
(1974). 
Corn yields were hand picked and weighed. Moisture content was determined by sub-
sampling 10 random ears within each plot. Plot yields were converted from ear weight per plot 
to quintals/hectare of number two shelled corn adjusted to 15.5% moisture. 
Data were analyzed by regression methods, with the average number of cavities found per 
plant in the fall for first-generation and first- plus second-generation effects as the independent 
variable. The dependent variable was yield in quintals/hectare. 
RELATION BETWEEN STALK DAMAGE AND YIELD LOSSES IN SEED CORN 51 
RESULTS AND DISCUSSION 
Treatment effects (level of corn borer infestations) were highly significant in all six experi-
ments. The effect of corn borer generation on yield was highly significant except for the 
experiment involving 837 in 1969. The raw data from the 1969 837 experiment indicated, 
however, that plots having heavy borer infestations (average of 5-10 cavities per plant) from 
the combined attack of first- and second-generation borers yielded substantially less than did 
plots heavily infested (average of 1-2 cavities per plant) by first-generation borers alone. The 
large amount of variation inherent in the yields from plots having low borer infestations (less 
than 1 cavity per plant) tended to nullify the effect of generations as a whole. In the other 
five experiments, it was obvious that the combined attacks of both first- and second-generation 
borers resulted in significantly greater reductions in yield than did attack from first-generation 
borers alone. 
The interaction (generation X treatment) was significant in five of the six experiments. 
The two borer generation situations employed as split-plot treatments affected the corn yields 
in a differential manner and suggest that,, to investigate adequately the relationship between 
the various measurements of corn borer infestation and yield, the most informative approach 
would be to analyze the data collected on damage by each generation separately. 
Relationship of cavities caused by first-generation borers to yield 
Regression equations indicating the yield loss associated with each unit of increase in 
damage (cavity) and the yield loss expressed as a percentage of reduction per unit of cavity are 
presented in Table 2. The loss estimate expressed as a percentage of reduction per cavity is 
based on the estimated yield in the absence of damage and was determined by dividing the "b" 
value (the estimated reduction per cavity) by the "a" value (estimated yield in the absence of 
cavities). 
Table 2. Regression equations for fall evaluation of first-generation infestations relating yield 
in quintals/hectare to cavities/plant. 
Percent 
Standard reduction 
Strain Year Equation error of b per cavity 
WF9 1969 y = 57.38-2.43x 0.55 4.2 
WF9 1970 y = 35.80-2.81x 0.31 7.9 
837 1969 y = 39.86-3.23x 1.10 8.1 
837 1970 y = 28. 74-3.68x 0.34 12.8 
WF9 X 837 1970 y = 85.39-4.08x 1.31 4.8 
The regression equations shown in Table 2 were used to plot the regression lines shown in 
Figures 1through3. Cavity values utilized in plotting the regression lines do not exceed the 
mean values obtained from the data. 
In 1969 a significant linear relationship between yield and cavities could be demonstrated 
for the two inbreds, but not for the single cross. The estimated yield in the absence of cavities 
for WF9 was 57.38 q/ha, and the estimated loss per cavity per plant was 2.43 q/ha (4.2%). 
The estimated yield in the absence of cavities for 837 was 39.86 q/ha, and the estimated loss 
per cavity per plant was 3.23 q/ha (8.1%). Lack of a significant relationship between yield and 
cavities for the single cross may result from a combination of large yield variability because of 
an erratic stand and a limited range of cavity values. 
In 1970 there was a significant linear relationship between yield and cavities for all three 
strains of corn studied. The estimated yield in the absence of cavities for WF9 was 35.80 q/ha, 
and the estimated loss per cavity per plant was 2.81 q/ha (8.0%). For 837, th.e estimated yield 
in the absence of cavities was 28. 74 q/ha, and the estimated reduction per cavity per plant was 
3.68 q/ha (12.8%). The single cross, WF9 X 837, yielded an estimated 85.39 q/ha in the ab-
sence of cavities and was reduced in yield by 4.08 q/ha per cavity per plant (4.9%). 
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Figure 1. Regression lines for first-generat ion in festat ions relating yield in quintals/ hectare to 
cavities/plant for WF9. 
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Figure 2. Regression lines for first-generation infestations relating yield in qu in tals/hectare to 
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Figure 3. Regression line for first-generation infestations relating yield in quintals/hectare to 
cavities/plant for WF9 x B37. 
Although comparisons of the results obtained for the same inbred between the two years 
should be made with caution, it seems permissible to make some comments in regard to the 
obtained yield loss estimates as expressed in quintals per hactare per cavity, as distinct from 
those expressed as percentage of reduction in yield per cavity. The "b" values, which estimate 
the loss per cavity, were obtained from the regression analyses, whereas the loss expressed as a 
percentage of reduction in yield per cavity was obtained by dividing the "b" value by the "a" 
value. Thus, the estimated or potential yield for a given strain of corn greatly influences the 
quintal loss when expressed as a percentage of yield. Potential yield can logically be described 
as a function of weather, soil fertility, weed or disease problems, presence or absence of other 
stress factors in a given year, and the genetic potential of the strain of corn. One wonders, 
therefore, whether loss expressed as a percentage of reduction per cavity is meaningful, par-
ticularly for inbred lines that seem to have an inherent tendency for wide variation in yield 
from year to year. 
On the other hand, the estimated quintal loss per cavity did not vary greatly between 
years for the same inbred (2.43 and 2.81 for WF9 in 1969 and 1970, respectively, and 3.23 
and 3.68 for B37 in 1969 and 1970, respectively). A better visualization of the relationship of 
cavities to yield in regard to this I ine of thought may be obtained by referring once again to 
the regression lines in Figures 1 and 2, in which it is apparent that the slope of the lines for the 
same inbred do not vary appreciably between the 2 years, but the yields do vary considerably. 
Thus, it seems that any use of the results obtained from this study in estimating yield loss for 
WF9 and B37 might best be considered in terms of qu intal loss per cavity rather than percent-
age of yield loss per cavity. 
RELATIONSHIP OF CAVITIES CAUSED BY FIRST- AND SECOND-GENERATION 
BORERS TO YIELD 
In all experiments the number of cavities produced by a combination of first- plus second-
generation borers greatly exceeded that of the first generation alone. The two generation 
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treatments averaged about twice as many cavities as the first generation alone; plants receiving 
three or more egg masses during the two generations showed three to four times as many 
cavities as the single generation. The greater cavity output per egg mass from the second gener-
ation is believed to have resulted from a combination of better larval survival and the fact that 
second-generation borers spend more time feeding in the stalk and ear shank. Second-
generation larvae normally enter diapause in the fall within the corn plant, whereas first-
generation larvae normally pupate and emerge as moths during the summer. 
A summary of the regression analyses for both the 1969 and 1970 experiments is pre-
sented in Table 3. Regression equations as obtained from the analyses are presented in Table 4. 
The regression equations obtained were used to plot the lines shown in Figures 4 through 6 . 
Cavity values used in plotting the regression lines do not exceed the mean values obtained from 
the data. The lack-of-fit component was significant at the 5-% level for the WF9 experiment 
conducted in 1970. Data on yield and cavities from this experiment were plotted and critically 
examined. There was no indication that a response of a higher order than the quadratic existed. 
Rather, it was evident that the lack-of-fit was due to random variation and that the regression 
equation provided an acceptable fit for the data. 
Table 3. Summary of regression analyses for fall evaluation of first- plus second-generation 
infestations relating yield in quintals/hectare to cavities/ plant. 
Componenta 
Strain Year Linear Quadratic Lack of fit 
WF9 1969 ns ns 
WF9 1970 
B37 1969 ns ns 
B37 1970 ns 
WF9 X B37 1969 ns ns 
WF9 X B37 1970 ns 
ans nonsignificant at 5-% level;* significant at 5-% level ; ** significant at 1-% level. 
Table 4. Regression equations for fall evaluation of first plus second generation infestations 
relating yield in quintals/hectare to cavities/plant. 
Standard Percent 
error of b reduction 
Strain Year Equation bl b2 per cavity 
WF9 1969 y = 57.96-1.76x 0.11 3.0 
WF9 1970 y = 35.23-2:29x+0.082 0.39 0.03 
B37 1969 y = 41.65-1.54x 0.18 3.7 
B37 1970 y = 29.48-3.62x+O. 18x 2 0.49 0.04 
WF9 X B37 1969 y = 85.33-2.20x 0.39 2.6 
WF9 X B37 1970 y = 87.08-4.63x+0.19x 2 0.83 0.06 
Analyses of the 1969 data indicated a highly significant linear relationship between cavi-
ties and yield for the two genotypes and the F 1 cross. It was noteworth that a significant 
regression equation was obtained for the single cross because no significant · relation could be 
demonstrated between yield and frist-generation cavities. It seems that yield reduction from 
damage by an infestation of first- plus second-generation borers was great enough to overcome 
the large amount of yield variation caused by a poor stand. 
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In 1969, inbred WF9 yielded an estimated 57.96 q/ha in the absence of cavities and 
suffered an estimated loss of 1. 76 q/ha per cavity per plant (3.0%). Inbred 837 yielded an 
estimated 41.65 q/ha in the absence of cavities and suffered an estimated loss of 1.54 q/ha 
per cavity per plant (3. 7%). The single cross yielded an estimated 85.33 q/ha in the absence of 
corn borer damage and was reduced in yield by 2.20 q/ha per cavity per plant (2.6%). On a 
basis of quintal reduction per cavity, these values are about half of those obtained for the 
effect of first-generation borers alone, but total yield reduction caused by an infest<,1tion of 
both generations of borers was greater because total damage was greater. 
In 1970 the quadratic component was highly significant and thus the relationship between 
yield and cavities is best described by a curved, rather than a straight line. The linear mean 
square was, however, 13 times greater than the quadratic mean square, thus it is impossible to 
describe estimated yield reduction on a per-unit-of-cavity basis because loss associated with 
each cavity varies according to the number of cavities, with yield loss per cavity diminishing as 
the number of cavities increased. An appreciation of this can be obtained by viewing the 
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Regression lines for first- plus second-generation infestations relating yield in 
quintals/hectare to cavities/plant for WF9. 
Although it is not possible to describe estimated loss per cavity as a constant when 
curvilinearity is indicated, a rough approximation of the average quintal loss per cavity can be 
obtained by subtracting the estimated yield at maximum infestation from the estimated yield 
in the absence of infestation and dividing by the maximum number of cavities as shown in 
Figures 4 through 6. WF9 in 1970 was, on the average, reduced in yield by 1.19 q/ha per 
cavity per plant. With the same procedure, 837 was, on the average, reduced in yield by 1.66 
q/ha per cavity per plant, and WF9 X 837, by 2.34 q/ha per cavity per plant. On a quintal-
reduction-per-cavity basis, the approximated values are about half of those obtained for the 
effect of first-generation borers alone, but total yield reduction due to an infestation by both 
generations of borers was greater because total damage was greater. 
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Figure 6. Regression lines for first- plus second-generation infestations relating yield in 
quintals/hectare to cavities/plant for WF9 x 837. 
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It is puzzling as to why the best fit of the data was obtained with a straight line in 1969 
but a curved line in 1970. Average yields of both strains and the F 1 cross were lower in 1970, 
whereas overall average corn borer cavity counts were about equal in both years (except for 
the single cross, in which infestations were, on the average, greater in 1970 than 1969). In 
1970 the corn seemed to suffer more from stress from lower rainfall during June and July, 
with the result that there were more poorly formed "nubbiny" ears in 1970. This result was 
particularly evident in plots that received artificial infestations of three or more egg masses per 
plant as treatments for both generations of the borer. Many of the ears produced on plants 
from such heavily infested plots were extremely short and (or) poorly formed, and, in some 
/ instances, had but a few kernels present that had not been chewed by second-generation borers. 
This was especially true of the two inbreds and to a lesser extent of the single cross. 
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DAVIS, EVAN JAMES 
English 
Escape from the Bible belt: A collection of short stories 
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HANNAS, CARYL ANN 
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HAWANA, MAHA HI LAL 
English 
A translation and commentary on The Barren (al-Aqir), a short story by Mikhail Naima 
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A survey of selected personal care product advertising design in the United States and in 
Nigerian magazine advertising 
OVE, JO ANNE 
Applied Art (Craft Design) 
Designing an original large textile hanging for a specific public building 
PADY, DONALD STUART 
English 
The doctor's composite identity in Shakespeare's Macbeth 
PEARSON, JEANE WITTICK 
History 
Arthurdale: New Deal subsistence homesteading 
PIER, ANNE STOLL 
English 
The language arts component in a junior high school American Studies program: A model 
for an annotated bibliography 
YERGLER, DENNIS KEITH 
History 
William R. Castle, Jr., communism, Japan, and the Manchurian crisis of 1931-33 
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Effects of proteins, amino acids, phytate and cadmium on zinc absorption in rats 
ADAMS, MUBARAK OMER 
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Analysis of successive reactions in adiabatic stirred tank reactors 
ADEGOKE, ADEYINKA OLUJIMI 
Plant Breeding and Cytogenetics 
Stability characteristics of oat lines with different yielding capacities 
ADEYEFA, FOLUSO KEHINDE AYODELE 
Crop Production and Physiology 
Diurnal variation in some leaf carbohydrates of two maize (Zea mays L.) hybrids under 
population stress 
AGOSIN, VIVIAN ELSA 
Child Development 
Visual feature analysis in the recognition memory of preschool females 
AGWATU, INNOCENT OTUASIADIRI IKE 
Horticulture 
Effect of irrigation on the potato 
AHMANN, NANCY CAIN 
Journalism and Mass Communication 
A viewership survey of television daytime dramas 
AJEENA, AHMAD KHIDER 
Botany (Physiology) 
Herbicide phytotoxicity as measured by soybean yields under weed-free conditions 
ALARCON, GABRIEL ACACIO 
Mechanical Engineering 
Design and application of a fast-response total-pressure probe for turbomachinery flow 
measurement 
ANDERSON, G. MARIE 
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Homeowner acceptance of energy efficient housing 
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An analysis of marketing strategies for cattle producers who use direct marketing 
ARCHER, SCOTT LEE 
Sol id State Physics 
Thermal and electrical conductivities of high purity tantalum 
ARJMAND, OLYA 
Agricultural Climatology 
Relation between leaf conductance, controlled soil moisture and yield of soybeans 
ASGEIRSSON, VIGFUS 
Physics 
Stratospheric water vapor sink over the antarctic region during winter 
AVILAN-CAMEJO, WILLIAM de JESUS 
Soil Fertility 
Application of multiple regression and game theory to determine optimum N fertilization 
of continuous corn in relation to moisture stress 
AZIZ, NUR IAH RASYID 
Family Environment 
Consumption satisfaction of Iowa families 
BAENA, ANTONIO RONALDO CAMACHO 
Soil Management 
The effects of pasture (Panicum maximum) on the chemical composition of the soil after 
clearing and burning a typical tropical highland rain forest 
BAHER LE, PEDRO 
Soil Fertility 
Effect of fertilizer nitrogen, plant population and variety on yield of continuous corn on 
a Grundy soil 
BAIG, MIRZA MOHAMMAD SULTAN 
Food and Nutrition 
Ascorbic acid-hypocholesterolemic drug interactions 
BAILEY, WARREN MAURICE 
Sociology 
The selection of the offenders: An investigation of police and juvenile perceptions of 
pre-arrest stage police encounters as an influence on arrest 
BARETICH, MATTHEW F. 
Biomedical Engineering 
Projects in clinical engineering 
BARRETT, FLORENCE IRENE 
Fisheries Biology 
Static bioassay testing of Iowa Coal Benefication Plant magnetite-slurry with channel 
catfish (/ctalurus punctatus) 
BASARAN,VASFI HASAN 
Chemical Engineering 
The degree of maximum mixedness in a variable volume reactor 
BEACOM, THOMAS JOSEPH 
Electrical Engineering 
Comparison of structure memory implementations for a data flow computer 
BEARDSLEY, MARCUS BRAD 
Metallurgy 
Stress induced reorientation of vanadium hydride 
BECKER, DENN IS LEE 
Meteorology 
Quantifying the environmental impact of particulate deposition from dry unpaved 
roadways 
BECKMAN, ROBERT LEE 
Physical Chemistry 
Electronic transitions of some pi-molecular charge transfer complexes 
BENJAMIN, LOUISE MARGARET 
Journalism and Mass Communication 
An analysis of the gatekeeping functions of a television news producer 
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BERNTSON, TOM J. 
Biochemistry 
Characterization of serum antibodies from inbred strains of mice and from allophenic mice 
BICKI, THOMAS JAMES 
Soil Morphology and Genesis 
Relationship of physical and morphological properties to water movement and retention 
in selected Iowa soils 
BIRKENHOLZ, ROBERT JAMES 
Agricultural Education 
Perceptions of selected groups toward the importance of including values instruction as a 
part of high school curricula and vocational agriculture programs of study 
BRANDINI, VERA L. N. P. 
Sociology 
Participation of high school youth in voluntary associations: Interests and expected 
benefits 
BROGDEN, KIM ALAN 
Veterinary Microbiology 
Studies on Pasteurel!a multocida: Comparison of typing systems and descriptions of 
certain ultrastructural features 
BROWN, KRIST A MARETT A 
Soil Engineering 
Dielectric behavior of a montmorillonite clay slurry 
BRUNOTTE,DALEALAN 
Geology 
The origin of ocean ferromanganese nodule ores by alteration of oceanic basalts 
BRYSON, SHERYL ROBESON 
Journalism and Mass Communication 
Who reads what in a special interest magazine: A study of readers of the Journal Qi Soil 
and Water Conservation 
BURCH, GEORGEANN L. 
Education (Curriculum and Instructional Media) 
Evaluating students in a media course: Pass/fail vs. point-scoring (dichotomous vs. 
continuous grading) 
BURCH, STEPHEN L 
Water Resources 
An evaluation of the Mississippian bedrock as a potential aquifer for Ames, Iowa 
BURGGRAF, GLORIA BUTSON 
Geology 
The glacial geology of the West Tensleep Drainage Basin, Bighorn Mountains, Wyoming 
BUSH,KATHRYNJOHNSON 
Analytical Chemistry 
Recovery of silver from laboratory wastes 
BUTTS, JOHN KNAPP 
Education (Curriculum and Instructional Media) 
Evaluation of an in-service human relations training program 
CAMMACK, CHAR LES HADLEY 
Soil Engineering 
Statistical evaluation of chemical aids for soil compaction 
CAPURRO, EDUARDO 
Soil Fertility 
An index of nutrient efficiency and its application to the yield response of corn to 
fertilizer nitrogen 
CARLSON, JOHN PAUL 11 
Animal Breeding 
Effects of the porcine stress syndrome on qualitative and quantitative carcass and 
production traits 
CARRADUS, CRAIG ALLEN 
Soil Engineering 
Waste oil shale as road construction materials 
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The autecology and genetic load of disjunct populations of Asplenium p/atyneuron on 
coal spoils in Marion County, Iowa 
CASANOVA, EDUARDO FELIPE 
Soil Fertility 
The effect of different kinds of tillage on soil moisture, phosphorus and potassium uptake, 
root distribution, and corn yields 
CATRON, JERALD LEO 
Psychology 
The effect of ipsativity reduction for the Defense Mechanism Inventory 
CHAKRAVARTHY, SUKUMAR RAMAN 
Aerospace Engineering 
An efficient, direct finite difference method for computing sound propagation in 
arbitrarily shaped two-dimensional and axisymmetric ducts without flow 
CHAR LAND, MAURICE RENE 
Journalism and Mass Communication 
Television and film: An experimental examination of McLuhan's notions of involvement 
CHEN, MENG-CHUEH 
Chemical Engineering 
Desulfurization of coal -derived pyrite using solutions containing dissolved oxygen 
CHU, FREDY KIN-CHIU 
Analytical Chemistry 
Distribution of naphthalene between commercial resins and water-methanol solutions 
CHRISTMAN, KAREN L. 
Child Development 
Effects of concrete and abstract materials on constructive memory 
CLARK, LEON, Jr. 
Analytical Chemistry 
The simultaneous determination of minor and trace elements in coal using instrumental 
neutron activation analysis 
COLE, ANNA HAIRE 
Family Environment 
Emotional maturity and marital adjustment: A replication and expansion 
CO LEMAN, JEFFREY WILLIAM 
Structural Engineering 
Fatigue behavior of air-entrained concrete 
COLLINS, MARY ELIZABETH 
Soil Morphology and Genesis 
Comparison of soil survey techniques in Tama County, Iowa 1905, 1950, 1977 
COLVIN, STEVEN LEE 
Water Resources 
Oxygen diffusion in strip-mined soils 
COMEAUX, BAR RY LYNN 
Horticulture 
The woody flora of the Iowa State University campus 
CORREA, LUIZ ANDRE 
Crop Production and Physiology 
The physical quality of corn grain as affected by selected cultural practices 
COWDERY, STEPHEN JOSEPH 
Metallurgy 
The lattice parameters of iron-aluminum-silicon alloys with the D0 3 structure 
CRANDALL, DAVID L. 
Zoology (Physiology) 
Effect of a high-fat diet on serum lipid levels in the exercised male rat 
CRIST, ALLAN M. 
Botany (Ecology) 




On the precipitation of magnesium hydroxide in water softening 
da CRUZ, GERALDO MARIA 
Animal Nutrition 
Evaluation of cobalt dextro-lactate as a feed additive for beef cattle 
DAHM, DIANE LAUN DY 
Nutrition 
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Relationship of body size and diet to the urinary excretion of 17-ketogenic steroids and 
17-ketosteroids in 25 college women 
DAVIS, DUANE LESTER 
Agricultural Education 
Analysis of factors related to attitudes toward supervised occupational experience program 
record keeping among agricultural El_ducation undergraduates at Iowa State University 
DAVIS, ROBERT MARSHALL 
lmmunobiology 
Radioimmunoassay for rubratoxin B 
DAVISSON, JUDITH ANN 
Home Economics Education 
Three plans for implementing learning centers in mainstreamed home economics classes 
DEMI REL, OSMAN S. 
Sanitary Engineering 
Detection and quantitative determination by X-ray diffraction of sodium aluminosilicates 
suspended in water 
DEMOPULOS-RODRIGUEZ, JAMES THEODORE 
Plant Breeding 
Inheritance of protein quality, agronomic traits, and the effects of nitrogen fertility in an 
opaque-2 maize synthetic 
DIPPOLD, LYNN WESLEY 
Agricultural Economics 
The design and evaluation of an electronic simultaneous progressive slaughter cattle 
auction 
DOLE, STEPHEN LEE 
Ceramic Engineering 
Elastic properties of monoclinic hafnium oxide 
do VALLE, CACI LOA BORGES 
Crop Production and Physiology 
A study of variation in botanical composition of newly-established perennial pastures 
do VALLE, EZEQUIEL RODRIGUES 
Physiology of Reproduction 
Relaxin levels in bovine ovarian tissue during late pregnancy 
EBERHARDT, BRUCE JEROME 
Psychology 
Situational and differential desirability as measured by the Marlowe-Crowne Social 
Desirability Scale 
EFFERT, DAVID DONALD 
Water Resources 
Performance of alternative on-site wastewater treatment systems 
ELDRIDGE, CHARLES LANE 
Economics 
The potential for improved transportation of raw and beneficiated coal in Iowa 
ELLISON, THOMAS LEE 
Metallurgy 
Evaluation of self-interaction parameters from binary phase diagrams 
ENGEL, JOANNE BOYER 
Psychology 
A comparison of learner expectations and processing of informative feedback for a group 
of young adults and retired elderly 
66 
ENYINNAYA, ANOSIKE MADUKIRO 
Crop Production and Physiology 
MASTER'S THESES 
Effect of plant water stress on relative viability of pollen and silk of corn 
EPPERHE IMER, MARGARET PEREZ 
Journalism and Mass Communication 
A small daily newspaper and its readers: A survey of attitudes toward local news and 
controversy 
ESSENMACHER, THOMAS J. 
Electrical Engineering 
Microcomputer implementation of a VLF pulse-timing receiver 
FATTAHI, FARZANEH AMIN 
Family Environment 
Migration, urbanization and housing problems in low-income families in Tehran, Iran 
FATIAHI, KAMYAR 
Transportation Engineering 
Driver behavior at intersections controlled by roll-out stop signs 
FIEDLER, DIANE MARIE 
Family Environment 
A normative approach to family expenditures for transportation 
FLUHR, GLYNIS ANN 
Electrical Engineering 
Design considerations involved in interfacing a free-space microwave power transmission 
system and an ac load 
FONG, CHUN-WAI 
Soil Engineering 
Mensuration of montmorillonite flakes with the Scanning Electron Microscope 
FORD, CECIL SEBESTAIN 
Analytical Chemistry 
The characterization of a Fabry-Perot interferometer and a de arc plasma jet for 
spectrochemical analysis 
FOREMAN, ROGER WARREN 
Electrical Engineering 
Design of an instructional microcomputer 
FOSTER, RALPH ELLIOT 
Metallurgy 
Annealing of neutron-irradiated vanadium containing oxygen 
FRANKEN BERGER, WILLIAM THOMAS, Jr. 
Soil Management 
Microbial effects on hydraulic conductivity of soils 
FRIMML, JANE EILEEN 
Home Economics Education 
Project-centered approach for teaching home economics content to sixth-graders in 
Iowa middle schools 
GALMES, MIGUEL ANGEL 
Statistics 
Sampling design for the crop survey in Uruguay 
GALT, JESSE ANDREW 
Solid State Physics 
The valence bands of Cr-rich Fe-Cr alloys determined by x-ray photoelectron spectroscopy 
GAMA, BEATRIZ ALENCAR COUTO GOMES e 
Town and Regional Planning 
The impact of Brasilia in the urban system of its hinterland 
GARNER, PERRY JAMES 
Journalism and Mass Communication 
Photographic art through research 
GARSIDE, GARY LEE 
Biomedical Engineering 
The effect of negative pressure applied to the hind limbs of the dog on internal carotid 
artery temperature 
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GASPERI-MAGO, R.AFAEL RICARDO 
Soil Management 
Microbial effects of erodibility of soil 
GEMELKE, RONNIE LEROY 
Biomedical Engineering 
A portable automatic blood pressure recorder for the ambulatory subject 
GILLINGHAM, MARK GENE 
Child Development 
Effects of music on body image, motor and musical ability in young children 
GILMORE, LINDA FAE 
Institution Management 
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Assessment of sanitation standards and aesthetic expectations in table service restaurants 
GOLCHIN, JAHANSHIR 
Water Resources 
Navigation on Karun River 
GOULD, THERESA ANN 
Solid State Physics 
Lattice dynamics of -y-Ce 
GOVRO, KEITH CRAWFORD 
Fisheries Biology 
Effects of sewage effluent on fish in the Iowa River at Marshalltown 
GRIFFIN, CURTIS WATSON 
Ceramic Engineering 
Creep of single-crystal (C01-xNix)O 
GRIFFIN, JAMES MICHAEL 
Electrical Engineering 
A general purpose pattern processor 
GUNION, MARK WILLIAM 
Psychology 
Effects of ventral hypothalamic damage on food intakes and body weights of rats fed a 
quinine adulterated high fat maintenance diet 
HAGEBOCK, JOYCE MARIE 
Nutritional Physiology 
Development of a bioassay for cell growth factors in serum using cultured chondrocytes 
HAGEMAN, NEAL RUEBEN 
Soil Management 
Effect of crop sequence and nitrogen fertilizer levels on soil bulk density of a Typic 
Haplaquoll in northern Iowa 
HALL, CONNIE RENE 
Agricultural Economics 
Activity analysis applied to menu planning 
HALLBERG, FRED WILLIAM 
Psychology 
Behavioral treatment of test anxiety and academic underachievement 
HALLBERG, JOHN W., Jr. 
Meat Science 
Creatin phosphokinase isoenzymes in stress-susceptible and stress-resistant pigs 
HANCOCK, DANIEL JUDE 
Meteorology 
Cross-spectral analysis of sunspots and monthly mean temperature and precipitation for 
the contiguous United States 
HANDFELT, LEO DAVID 
Soil Engineering 
Performance of soil-aggregate-fabric systems in frost susceptible secondary roads; Linn 
County, Iowa 
HARD, DOUGLAS LYNN 
Physiology of Reproduction 
Effect of prolonged starvation during middle or late pregnancy on maintenance of 
pregnancy, maternal serum progesterone, and litter size in the pig 
68 
HARDT, TEA RY LEE 
Journalism and Mass Communication 
International public relations aspects of Monsanto Company 
HARGETT, EVELYN 
Textiles and Clothing 
MASTER'S THESES 
Changes in tensile and draping characteristics due to abrasion and laundering of some 
durable nonwoven fabrics 
HARR IS, SHARON 
Psychology 
Differences in age and sex stereotypes of job recruiters and college students 
HART, LYNN L. 
Industrial Relations 
Professionalism versus bureaucratization: An investigation of the propensity to organize 
among Iowa university faculties 
HASENCLEVER, SANDRA LYNN 
Home Economics Education 
Implications for sequencing the development of consumer education competencies in 
five home economics areas 
HASYIM, ABIDIN 
Sociology 
Migration and social changes: A methodological perspective 
HAYEK,MARLENEINFELD 
Home Economics Education 
Assessment of knowledge of handicapping conditions 
HEEG, THOMAS R. 
Nutritional Physiology 
The effects of tallow or soybean oil reconstituted milk diets on plasma and tissue 
cholesterol and weight gain in calves 
HEIN, MICHAEL EDWARD 
Agricultural Engineering and Sanitary Engineering 
Anaerobic digestion of beef wastes 
HERR, RONALD JOHN 
Agricultural Economics 
Economic comparisons for harvesting, storing, and feeding dry forages 
HER RO, HARVEY MORRIS 
Metallurgy 
Partial molar volumes of hydrogen and deuterium in niobium and vanadium 
HINDMAN, RICHARD GLENN 
Aerospace Engineering 
Numerical solutions for inviscid superson ic flow about cones with large ellipticities 
HORA, GERALD GREGORY 
Entomology 
Variability in control of black cutworm on corn with the systemic insecticide carbofuran 
HOWLETT, DONALD ERNEST 
Forestry (Administration and Management) 
Development of IOWOOD to simulate characteristics of Brayton Memorial Forest 
HUI, DANNY SHEK-CHEONG 
Analytical Chemistry 
Rapid spectrophotometric determination of iron in ores 
JENSEN, GAi LANN 
Economics 
Applied forecasting with an autoregressive integrated moving average (AR I MA) model 
JOENS, RICHARD LEE 
Botany (Ecology) 
Natural areas used as outdoor laboratories by Iowa State University 
JOHNSON, KENNETH LINDSAY 
Botany (Ecology) 
Experimental introduction of forbs into established Iowa grasslands 
MASTER'S THESES 
JOHNSON, LAYNE MARK 
Bacteriology 
The enumeration and identification of bacteria isolated from a pest icide disposal pit 
KABOLI, HOSSEIN 
Chemical Engineering 
Properties of soluble and immobilized dextransucrase 
KAISER, FRANCES WENZEL 
Agricultural Economics 
69 
An economic analysis of the impact of a short-term closing of the upper Mississippi River 
on the net income of Iowa grain shippers 
KALDENBERG, DENNIS OLIVER 
Sociology 
Toward an axiomatic theory of social change: Herbert Spencer reconsidered 
KAZAKOPOULOS, LEONIDASTHEODOROS 
Sociology 
Social and psychological correlates of family limitations attitudes in Greece 
KEANE, MICHAEL GERARD 
Animal Production 
Effect of size, ration energy, slaughter weight and breed on carcass traits of steers 
KHOONG, EUGENE SHl-JIK 
Analytical Chemistry 
Synthesis of o,o'-dihydroxyazobenzene and related analytical reagents 
KING, JEFFREY NORTH 
Analytical Chemistry 
Separation of metal ions using an _Q-hydroxypropiophenoxime resin 
KLICH, MAREN A. 
Botany (Aquatic Plant Biology) 
A chytridiaceous fungus on Chroococcus turgidus 
KNOLL, RANDALL LEE 
Biophysics 
An investigation of the electronic processes in bilayer membranes 
KORBA, GARY ALBERT 
Analytical Chemistry 
Multielement falme emission spectroscopy using a scanning Fabry-Perot interferometer 
KUEHL,RONALDJOHN 
Soil Morphology and Genesis 
Chemical and morphological properties of some loess-derived soils of northeast Iowa 
KUHL, STEVE ALLEN 
Bacteriology (Microbial Genetics) 
Chromosomal map location of the methicillin-resistance determinant and some observa-
tions concerning antibiotic resistance in Staphylococcus aureus 
KUTBI, IBRAHIM ISMAIL 
Nuclear Engineering 
Plasma losses from a magnetic well 
KWON, 0 Key 
Meehan ical Engineering 
Prediction of incompressible separated boundary layers including viscous-inviscid inter-
action 
LACSINA, RENE QUIAMBAO 
Crop Production and Physiology 
Amylase and invertase activity in maize at varying temperatures and ages 
LAING, JOAN 
Psychology 
Paralanguage as a counseling variable 
LAMPRECHT, MICHAEL JOSEPH 
Psychology (School Psychology) 
Teacher expectancy as a function of label and length of exposure to student 
LAWRANCE, GARY DEAN 
Plant Breeding and Cytogenetics 
Correlated response to recurrent selection for resistance to the European corn borer 
70 
LAWSON, LARRY DALE 
Inorganic Chemistry 
MASTER'S THESES 
An investigation of highly reduced halides of cerium, praseodymium, and neodymium 
LE, HUU VAN 
Chemical Engineering 
Floatability of coal and pyrite 
LEU, DONALD WILLIAM 
Industrial Education (Industrial Vocational-Technical Education) 
An assessment of the evaluation needs of trade and industrial and technical vocational 
instructors 
LICHTER, DANIEL THOMAS 
Sociology 
Cosmopolitanism, community effects, and orientations.toward local reform: A contextual 
analysis 
LIMPA-AMARA, YUTHANA 
Bacteriology (Microbial Genetics) 
Transformation analysis of the genetic determinants of phage typing patterns in 
Staphylococcus aureus with emphasis on the group 111 strains 
LINDQUIST, TIMOTHY E. 
Computer Science 
The correctness of simple programs written in the language K L-1 
LO, YOUNG-KWONG 
Soil Engineering 
Strength-composition relationships of some selected Hawaiian soi ls 
LOCKRIDGE, EARL DEAN 
Soil Morphology and Genesis 
The use of remote sensing for soil survey in Iowa 
LOHMEIER, JANET BUENKER 
Child Development 
Sex-role concepts and evaluations of young children 
LOHMEIER, RICHARD DEAN 
Psychology 
A training program to increase the verbal approving behavior of child care workers 
LOPEZ-PEREZ, ELEUTERIO 
Plant Breeding and Cytogenetics 
Comparisons among maize hybrids made from unselected lines developed by selfing and 
full-sibbing 
LUCAS, MARK ALAN 
Botany (Taxonomy) 




Effects of plant densities on the relationship between inbred and hybrid performance 
in maize 
MAGHRABI, HASSAN AHMED 
Entomology 
Timing of insecticide applications for controlling first and second generation European 
corn borers, Ostrinia nubilalis (Hubner) 
MALLOY, DENNIS JAMES 
Journalism and Mass Communication 
A comparison of news interest preferences of radio news editors and listeners 
MARGETAN, DEBORAH REED 
Nuclear Physics 
Decay of mass-separated 118Ag to levels in 118cd 
MARTIN, CARL DEAN 
Water Resources 
Washoff of herbicides applied to corn residue 
MASSOUD!, HEIDARGHOLI 
Water Resources 




Characterization of a bovine synovial cell line for vaccine production 
McGINLEY, MARIAN 
Biochemistry 
Studies on a-actinin from invertebrate muscle 
McGRAIL, THOMAS WAYNE 
Biomedical Engineering 
Heat transfer across the placenta in sheep 
Mc KIN LEY, BRUCE ALAN 
Biomedical Engineering 
A method for determination of mean skin temperature using infrared thermography 
McMULIN, SHARON 
Education (Physical Education) 
The effect of body weight, sex, fitness and immersion on apneic bradycardia 
McMULLEN, THOMAS PATRICK 
Sol id State Physics 
A nuclear magnetic resonance study of metallic scandium chlorides 
MEYER,DOUGLASJOHN 
Nuclear Engineering 




Effect of backmixing on pulse column performance 
MILLARD, MICHAEL WILLIAM 
Sociology 
71 
An analysis of clique structures within selected voluntary associations from an exchange 
perspective 
Ml LLER, CHARLES DAVID 
Veterinary Physiology 
Fetal rat development as influenced by maternal lead exposure 
Ml LLER, FONDA SHAW 
Child Development 
Development of children's perceptions of handicapped peers 
Ml LLER, IVAN LEE 
Plant Breeding 
The effect of heterosis on juvenile growth and embryo size in three sorghum (Sorghum 
bico!or (L.) Moench.) hybrids 
MILLER, JAMES EARL 
Plant Breeding 
Direct and indirect selection for protein content of soybeans 
MILLER, KATHERINE SEWALL 
Economics 
A risk-programming analysis of alternative coordination arrangements in beef packing 
MOHD.-SALLEH, MOHAMED BIN 
Entomology (Pathology) 
The study of B-exotoxin produced by three varieties of Bacillus thuringiensis Berliner 
as tested against the house fly, Musca domestica Linnaeus and the black cutworm, Agrotis 
ipsilon (Hufnagel) 
MOMEN, NOURI MOUSSA 
Agricultural Climatology 
Relation between leaf-water potential, controlled soil moisture and yield of soybeans 
MOON, IRENE CASPER 
Sociology 
A longitudinal study of life satisfaction among the elderly 
MOORE, MARIANNE VOIGT 
Animal Ecology (Limnology) 
Diversity of macroinvertebrates in the Iowa River near Marshalltown 
72 MASTER'S THESES 
MORGAN, TOM HENRY 
Crop Production and Physiology 
Comparison of methods of characterizing soybean lines for photosynthesis 
MUELLER, ANN MARIE 
Psychology 
Iowa school psychologists' evaluations of training experiences and inservice needs 
MUKHERJEE, SURAJIT 
Chemical Engineering 
Particle collection with electrical forces on spheres and sphero ids 
MULVANEY, RICHARD LESLEY 
Soil Microbiology and Biochemistry 
Retardation of urea hydrolysis in soils 
MURDOCK, NANCY LOUISE 
Home Economics Education 
Home management decision-making patterns of young married couples in Story County, 
Iowa 
NAKORN, SIWANAN NA 
Electrical Engineering 
Performance of steam turbine-generators under islanding conditions 
NARAYANACHARYULU, P. B. V. 
Sol id State Physics 
Pressure dependence on superconducting properties of scand ium and niobium 
monosulfides 
NASH, JANET ELAINE 
Psychology 
Reactions to homosexuals: The effects of sex role attitudes and similarity on attraction 
NELSON, ERIC DONALD 
Biomedical Engineering 
Investigation of a purified heterologous collagen prosthesis for use in reconstructive 
surgery 
NEPPEL. PEGGY SUZANNE 
Meat Science 
Lactate metabolism in stress-susceptible and stress-resistant p igs 
NGUYEN, CUNG NANG 
Animal Breeding 
The effect of feed restriction and protein level on performance and carcass characteristics 
of swine 
NIELSEN, ANN MAUREEN 
Physiology 
Alloxan-induced pulmonary edema in a canine model: Respiratory dynamics, blood gas 
analysis, alveolar flu id composition and surface tension characteristics 
NISSEN, STEVEN LYNN 
Animal Nutrition 
lnterorganal movement of amino acids, urea and ammonia in the growing rat 
NUTTY, COLEEN LOU 
Sociology (Anthropology) 
Cemetery symbolism of prairie pioneers: Gravestone art and social change in Story 
County, Iowa 
ODETUNDE, CHRISTOPHER BODE 
Aerospace Engineering 
Experimental investigation of velocity and pressure distribution of a tornado-like vortex 
O'DONNELL, MICHAEL JOSEPH 
Journalism and Mass Communication 
Newscast content of six Iowa television stations : News consultant-retaining stations vs. 
non-consultant stations 
O'HARA, KENNETH JOSEPH 
Electrical Engineering 
Ternary amorphous bubble domain films 
MASTER'S THESES 
OKONKWO, CHARLES UMEJEI ONWUEGBUNEM 
Chemical Engineering 
Residence time distribution of periodic reactors 
ONUKOGU, FIDELIS ASHIMOLE 
Entomology 
Location of genes conditioning resistance in maize to second generation European 
corn borers 
OPI LA, RAYMONDE. 
Mechanical Engineering 
Minimum load requirements for economic residential total energy system in northern 
climates 
O'R I LEY, CRAIG WESTON 
Agricultural Economics 
Production and distribution effects of blending coal: An Iowa case study 
ORTMEYER, THOMAS H. 
Electrical Engineering 
A comparison of induction motor models for starting performance 
PARIS, STEPHEN WARREN 
Aerospace Engineering 
Supersonic glider range maximization 
PASTERNACK, STEVE ROBERT 
Journalism and Mass Communication 
Dear editor: A study of people who write letters to the Des Moines Register and 
Tribune 
PASUTTI, DAVID WILLIAM 
Horticulture 
73 
Cytological study of some New Guinea, Java, and Celebes Impatiens interspecific hybrids 
PEARSON, VERN JAMES 
Animal Nutrition 
Performance of baby pigs fed single cell protein and energy evaluation of yeast SCP 
PETERS, ROBERT WILLIAM 
Chemical Engineering 
The co-precipitation of calcium carbonate and magnesium hydroxide in an unseeded 
system 
PETERSEN, KENNETH R. 
Nuclear Engineering 
ALRRDOSE: A computer program to estimate the population dose following a fuel 
meltdown accident at the Ames Laboratory Research Reactor 
PEYTON, LAURIE BURR 
Institution Management 
Effects of hot-holding time on beef patties for a satellite school foodservice system 
PHAN, SANG NGOC 
Meat Science 
Effect of cryogenic and blast freezing on quality traits of ground beef patties 
PIO, CYNTHIA MARIE 
Psychology 
An investigation of the role of rhythm in immediate memory 
PITLO, JOHANNUS MARINUS, Jr. 
Fisheries Biology 
Walleye movement and behavior in West Lake Okoboji, Iowa 
POTTER, GARY FRANK 
Organic Chem istry and Chemical Engineering 
Investigation of transition metal catalyzed cyclization of unsaturated aldehydes 
PRENTICE, LINDA MARGARET 
Family Environment (Housing) 
Community size, housing characteristics and housing satisfaction 
RAMADAN, ALI ALI OMAR 
Agricultural Economics 
Water allocation among competing uses in Zawia and Zahra areas of Libya 
74 
RAMIREZ, LUIS ANGEL 
Agricultural Engineering 
MASTER'S THESES 
Machinery selection for forage and mixed crop production in a humid tropical climate 
RASSIWALLA, FI ROZ MOOSHABHAI 
Chemical Engineering 
Thermodinamics analysis of the reductive decomposition of calcium sulfate 
REDDY, KURUGANTI VENKATAKRISHNA 
Food Technology 
Effect of cryogenic and conventional freezing on microorganisms on poultry and beef 
REEDHOLD, EDWIN 
Zoology (Parasitology) 
Larval trematodes in the freshwater snail Lymnaea reflex a Say 
REMMELE, ROBERT DEAN 
Agricultural Economics 
An economic analysis of the tallow market 
REMMES, BERNARD DAVID 
So il Engineering 
Feasibility of measuring total stresses in soil by pushing thin blade sensors 
ROBSON, RUTH ANN 
Institution Management 
Assessment of management behavior in quantity food production management 
ROOZ, ELKANA 
Biomedical En~~rl!:!_g_ 
Computer simulation of changes in cephalic blood flow due to a carotid artery stenosis 
RUEBER, DAVID ARTHUR 
Horticulture 
Influence of strawberry plant density on foliage, single harvest characteristics, and 
fruit development 
RUSU, IRWAN TJAHJADI 
Chemical Engineering 
Origin, size distribution and growth of small crystals in contact nucleation 
RUSSELL, W. KEN 
Entomology 
Allocation of resources in breeding for resistance in maize to second brood of the 
European corn borer 
RYAN, LARRY MICHAEL 
Physical Chemistry 
The chemical shift anisotropies of 1 Hin H2 0(s), H2 S(s) and C6 H6 (s) 
RYAN, MARK RUSSELL 
Wildlife Biology 
A quantitative study of the behavior of breeding American Coots in relation to sex and 
age 
RYGIEL, SHARON ANNE ERNST 
Biomedical Engineering 
Fluorescence detection in a micro-flow stream using a xenon flash lamp 
SABRI, ABDEL-AZIZ A. 
Structural Engineering 
The structural investigation of framed stairways 
SADEHDEL-MOGHADDAM, MOHAMMAD 
Plant Breeding 
Interrelationships and inheritance of protein and agronomic traits in an opaque-2 
synthetic of maize 
SAFA-ESFAHANI, AHMAD REZA 
Molecular, Cellular and Developmental Biology 
Physiological and microscopic studies of the I ife cycle of the unicellular marine algae, 
Hymenomonas carterae 
SAHLBERG, KRISTINE MARIE 
Family Environment 
A managerial systems approach to factors influencing family financial counseling 
MASTER'S THESES 
SCHEIDECKER, RALPH WILLIAM 
Ceramic Engineering 
Self-diffusion of Er and Hf in pure and Hf0 2 -doped polycrystalline Er2 0 3 
SCHENA, CHARLES JOSEF Ill 
Veterinary Clinical Science 
A comparison of freeze-dried and fresh cortical allografts in the canine femur 
SCHMITT, VIRGIL LLOYD 
Agricultural Education 
Perceptions of selected groups toward the philosophic principle of flexibility and 




Laser two-photon excited fluorometric detection for high pressure liquid chromatography 
SHAM, HING LEUNG 
Organic Chemistry 
The use of methylenecyclobutenone as a dienophile in the Diels-Alder reaction 
SHELTON, STEPHEN EUGENE 
Electrical Engineering 
A direct optimization approach to the economic expansion of distribution substations 
SHERBY, FATMA ABD-EL-SALAM 
Education (Adult and Extension Education 
The effect of adult students participation in program planning on achievement and 
attitude 
SHIH, LYNN LING-LING 
Nuclear Physics 
Decay of mass-separated 122Ag to levels in 122cd 
SHIPMAN, JI LL STAN LEY KATH c.EEN 
Botany (Mycology) 
A survey of aquatic oomycetes from bank soil, stream sediments, and water samples of 
Pease Creek and confluence with the Des Moines River 
SIMPSON, RUSSELL LEE 
Electrical Engineering 
Measurements of electrical parameters of coplanar transmission lines 
SMITH, DAVID LLEWELLYN OWEN 
Agricultural Engineering 
A laboratory evaluation of the Sewage Osmosis concept 
SMITH, VICTOR LARSTARZA 
Journalism and Mass Communication 
Examination of general public ascertainment from the point of view of race and sex 
SOK, HYONG-KI L 
Journalism and Mass Communication 
Communication, status and role specificity of the experts in development organizations 
SOLHEIM, BARBARA ANN 
Organic Chemistry 
I. Structural studies of termite defense secretions 
11. Structural studies of natural products of marine nudibranchs 
SPEIRAN, GARY KENNETH 
Water Resources 
A study of algal impacts and point source pollution effects on the water quality of the 
Des Moines River 
SR ISONTISUK, SOMSAK 
Rural Sociology 
The relation of managerial attitudes to cooperative organizational effectiveness 
STANGL, DAVID WILLIAM 
Water Resources 
Impact of surface coal mining and reclamation on the hydrogeology at Iowa Coal Project 
Demonstration Mine #1, Mahaska County, Iowa 
STANLEY, DAVID L. 
Animal Nutrition 
Evaluation of the energy value of feed ingredients for young swine 
76 MASTER'S THESES 
STAUFFER, DEAN FISKE 
Animal Ecology 
Habitat selection by birds of riparian communities: Evaluating the effects of habitat 
alteration 
STEINBACH, MARTHA PAULINE 
Institution Management 
Effects of hot-hold ing time on sensory quality of creamed chicken for a satellite school 
foodservice system 
STOWE, LAWRENCE ROY 
Biomedical Engineering and Chemical Engineering 
A review and analysis of muscle and muscle systems 
SU BAH, J. OWE LI BO 
Soil Ferti I ity 
Foliar fertilization of oats (Avena sativa) du ring the grain-fill ing period 
SUKHAPINDA, KITISRI 
Plant Breeding and Cytogenetics 
Enhancement of genetic exchange in maize: lntragenic recombination 
SUMMY, KENNETH DAN 
Journalism and Mass Communication 
A study to determine the effect of students' in-school viewing of television news 
programs on their exposed interest in selected current evehts topics 
SZYMONIAK, ELAINE 
Family Environment 
Attitudes toward deafness: Children of deaf parents 
TAJI, KOO ROSH 
Rural Sociology 
Rural progress through rural cooperatives in less developed countries 
TASKER, HENRY ADEBAYO 
Mechanical Engineering 
Application of the pitot rake concept to mu ltiple ducts 
THOME, DAVID KEITH 
Metallurgy 
Low temperature heat capacity of lutetium and lutetium hydrogen alloys 
THOMPSON, JOHN RUSSELL 
Animal Breeding 
Estimation of genetic population parameters for a mating appraisa l program 
THOMPSON, LARRY ORRIN 
Sanitary Engineering 
Nitrification performance evaluation of a full-scale activated sludge plant 
TOMASELLI, ROBERT PAUL 
Bacteriology 
Relationship of chemotaxis to colonial migration of Bacillus alvei 
TOMLINSON, CHARLES EDWARD 
Nuclear Engineering 
One dimensional depletion analysis of a research reactor 
TSENG, CHING TIEN 
Entomology 
Search for black cutworm resistance in maize 
VAITHIANATHAN, MUTHURAJ 
Industrial Engineering 
Application of technological forecasting methodologies to predict future irrigated 
acreage in Western Iowa 
VALERA, GILBERT R. 
Economics 
A comparison between unweighted and weighted regression for forecasting 
VANDERZEE, DELMAR 
Botany 
Gitchie Manitou Preserve - flora, ecology, and management 
MASTER'S THESES 
VANDEVORT, CATHERINE ALIBERTI 
Nutrition 
Metabolism of 3 H (G )-L-tryptophan in ethynyl estradiol -fed rats with and without 
supplemental vitamin B6 
VANMAANEN, RANDALL WAYNE 
Nutritional Physiology 
Effects of monensin on propionate and glucose kinetics in steers 
VELASQUEZ, EFRIAN R. 
Crop Production and Physiology 
Establishment, persistence, and yield of four legumes frost-seeded into an established 
smooth bromegrass (Bromus inermis Leyss.) sward 
VILLA de MARQUEZ, BELKIS COROMOTO 
Agricultural Economics 
Linear programming analysis of potential growth of a northeast Iowa farm business 
VISLOCKY, JAMES MICHAEL 
Chemical Engineering 
The interaction between swine lipoproteins and heparin 
VOGELZANG, STEVEN KEITH 
Agricultural Education 
77 
Perceptions of selected groups toward the importance of including mathematics instruc-
tion as a part of high school curricula and vocational agriculture programs of study 
VOORHEES, BRET THOMAS 
Journalism and Mass Communication 
The production and development of an educational tape, "The Other Side of the Tube: 
A Day in the Life of a Television Reporter" 
WAGNER, JOEL HERMAN 
Mechanical Engineering 
Analysis of multistage, axial flow turbomachine wake production, transport, and 
interaction measurements 
WALLRAFF, GREGORY MICHAEL 
Organic Chemistry 
Ion-pairing effects on the cis-trans isomerization of dimethylsemidione 
WALSH, JOHN JAMES 
Biochemistry 
a:-alkylaspartic acid derivatives for afinity chromatography 
WALTERS, RANDY GERALD 
Agricultural Education 
An experimental evaluation of suggestive-accelerative learning and teaching as a method 
of teaching vocational agriculture 
WANG, SIMON CHENG-PING 
Metallurgy 
Neutron irradiation effects on the mechanical properties of thorium and thorium-carbon 
alloy 
WARNER, BARBARA EDITH SCHROEDER 
Family Environment 
Marital satisfaction, adaptability, integration and family life cycle stage 
WELLMAN, PAULJEFF 
Psychology 
Influence of acetic acid- and cellulose-adulterated maintenance diets on the feeding 
behavior of VM H lesioned rats 
WHYE, PERRY MICHAEL 
Journalism and Mass Communication 
Heroes, not of their own accord (An examination of the publicity concerning the 
United States astronauts from 1959 to 1972) 
WIJATNO , HENDRA 
Chemical Engineering 
Aluminum recovery from coal fly ash by high temperature chlorination 
78 MASTER'S THESES 
WILDEN, DENNISE. 
Journalism and Mass Communication 
Antecedents of reporting behavior: A comparative analysis of legislative reporters in 
three states 
WILLCUTT, GAYLORD ALAN 
Town and Regional Planning 
Factors which have influenced housing design in three new towns in England and 
Finland: A comparative study 
WILLHOITE, MARY BETH NEITZEL 
Sociology 
Factors associated with self-definition through leisure 
WILSON, JAMES DARWIN 
Zoology (Ecology) 
The summer movements and distribution of bullfrogs (Rana catesbeiana) in a central 
Iowa pond 
WILSON, THOMAS JOHN 
Engineering Mechanics 
Self-excited vibration of a cylinder driven sinusoidally in a still fluid 
WINSTON, LORETTA E. 
Computer Science 
Iowa State computerized music system text editor subsystem 
WOMACK, SANDRA E. 
Psychology (School Psychology) 
Academic survival skills, the F.A.R.A.R.I. Behavioral Rating Scale for children, and 
reading achievement in second- and fourth-grade boys 
WOODS, ALBERTA YVONNE JORDAN 
Sociology 
Alienation and social correlates of negative voting on a school levy issue 
WYWIALOWSKI, ALICE 
Wildlife Biology 
The anti-hunting movement - the people involved, their attitude development, and 
imp I ications for wildlife management 
YUSUF, DUYGU 
Sociology 
A proposed information system of social indicators for social planning of the Turkish 
Cypriot community 
ZI RAKPARVAR, MOHAMMAD ESMAI L 
Plant Pathology 
The effect of four nematicides on the occurrence of Pratylenchus hexincisus in primary 
and fibrous roots of corn 
79 
DOCTORAL DISSERTATIONS 
The listing is in alphabetic order by name of author. Each entry includes the name of the 
author, the major, and title of the dissertation. Specializations, if present, are shown in 
parentheses. 
ABDUL-FATTAH, ABDUL-RAHMAN AHMED-FOAD 
Nuclear Engineering 




Effect of drawing atmosphere on surface characteristics of glass fibers 
AL-JALI L, HAMID FADHI L 
Agricultural Engineering 
Design and performance of low damage corn shelling machines 
ALLEN, LENOLA BUSBY 
Home Economics Education 
Personal and family characteristics: Bases for developing family planning materials for 
international audiences 
AZIZ, MUHAMMAD AMIN 
Sociology 
Errors-in -Variables analysis of cooperative organizational effectiveness 
BANASIAK, DENNIS STEPHEN 
Organic Chemistry 
Ev idence for the generation and trapping of a silabenzene 
BASMACI, YAKUP 
Water Resources 
Groundwater flow in double porosity media: Carbonate rocks 
BAUGHMAN, RUSSEL GEORGE 
Physical Chemistry 
The crystal and molecular structure of organophosphorus insecticides 
BAUM, KENNETH HARRY 
Agricultural Economics 
A national recursive simulation and linear programming model of some major crops in 
U.S. agriculture 
BEARD, HETTY BURNETT 
Zoology (Animal Behavior) 
Hormonal influence on the social behavior of the vole, Microtus ochro.aaster: Effects 
of photoperiod, temperature, gonadectomy, preputialectomy and oral angle gland removal 
BECK, MARVIN SIDNEY 
Metallurgy 
Dispersed barrier hardening in irradiated metals 
BENNETT, CARL ROBERT 
Education (Educational Administration) 
A developed and field-tested experiment to test the effect of increased student feedback 
on specific teacher performance behaviors 
BENSON,MICHAELJAMES 
Biochemistry 
Purification and characterization of a potassium ion stimulated adenosine triphosphate 
phosphohydrolyase from Zea mays roots 
BERRY, DONALD LOUIS 
Analytical Chemistry 
Evaluation of some procedures relevant to the determination of trace elemental com-
ponents in biological materials by destructive neutron activation analysis 
80 
BIEDE, STAN LEY LEO 
.food Technology 
DOCTORAL DISSERTATIONS 
A study of the chemical and flavor profiles of Swiss cheese 
BLACKMER, ALFRED MER RI LL 
Soil Microbiology and Biochemistry 
Emission and sorption of nitrous oxide by soils 
BRIERS, GARY EDWIN 
Agricultural Education 
An experimental evaluation of an instructional packet on supervised occupational 
experience programs for beginning vocational agriculture students in Iowa 
BROWN, STEVEN MICHAEL 
Education (Educational Administration) 
Role expectations for principals in selected Iowa senior high schools as perceived by 
students, teachers, and principals 
de CARVALHO, JOSE FERREIRA 
Statistics 
Data .. analysis of mu ltiway tables 
CEBECI, OMER ZIYA 
Soil Engineering 
Mercury intrusion porosimetry theory and its application to air-entrained cement 
pastes and mortars 
CHEN, CHIN 
Electrical Engineering 




Trajectory optimization for some sailplane performance problems 
CHEN, JENGRONG JAMES 
Statistics 
Testing for outliners in linear models 
CHOI, WON Kl L 
Electrical Engineering 
A method of detecting and characterizing subsurface layers by means of electromagnetic 
depth sounding 
CHONGOLNEE, BURUNCHAI 
Education ( H jgher Education) 
Academic, situational, organismic, and attitudinal factors affecting the academic 
achievement of foreign graduate students at Iowa State University 
CHOWDHURY, MOFAZZAL HOSSAIN 
Agricultural Engineering 
Development of a colorimetric technique for measuring mechnical damage of grain 
CISAR, ALAN JAMES 
Inorganic Chemistry 
Synthesis and structural characterization of some compounds involving metal -metal 
bonding of tellurium, bismuth, and zirconium 
COLVIN, THOMAS S. 
Agricultural Engineering 
A computer aided mine planning model and energy efficiency ratios of four mining 
systems 
COOK, THOMAS WAYNE 
Zoology (Parasitology) 
Localization of Fibricola cratera (Trematoda: Diplostomatidae) metacercariae in 
Rana pipiens 
CORRIGAN, ALICE JEAN 
Biochemistry 
The structure of native porcine pancreatic .£-amylase and the purification and properties 
of the dextransucrases of Streptococcus mu/tans OMZ 176 
DOCTORAL DISSERTATIONS 
CORRIGAN, THOMAS MICHAEL 
Nuclear Physics 
Unified model studies of N = 84 and N = 80 nuclei 
CORY, DENNIS CHARLES 
Economics 
Estimation of regional planted acreage and soil erosion losses for alternative export 
demand projections and conservation technologies: A macroeconometric approach 
CROSBIE, THEODORE M. 
Plant Breeding and Cytogenetics 
Evaluation of tolerance to high plant densities and plant efficiency of maize breeding 
populations developed by recurrent selection for grain yield 
DADGOSTAR,BAHRAM 
Economics 
Consumer demand for food commodities in Thailand 
DANIELL, DAVID LEE 
Zoology (Parasitology) 
Biology and host-parasite relationships of Gigantobilharzia huronensis (Trematoda: 
Sch istosomatidae) 
da ROSA, GETE OTTANO 
Physiology 
Effect of adrenocorticotropic hormone or hydrocortisone on corpus leteum function in 
heifers 
DARWICH, NESTOR ALEJANDRO 
Soil Fertility 
Analysis of the response of wheat to N and P fertilization under nonuniform environ-
mental conditions in southeast Buenos Aires Province, Argentina 
DAVENPORT, RICHARD W. 
Education (Higher Education) 
Dichotic ear preferences of stuttering adults 
DAWSON, JEFFREY OWEN 
Forestry (Biology) 
Nitrogen fixation, photosynthesis and early growth of A/nus glutinosa 
DAYWITT, JAMES EDWARD 
Aerospace Engineering 
Computation of the inviscid supersonic flow about cones at large angles of attack by a 
floating discontinuity approach 
de las CASAS MOY A, P. LIZARDO 
Economics 
A theoretical and applied approach towards the formulation of alternative agricultural 
sector policies 
DOMBEK, MARY GILBERT 
Physical Chemistry 
Multiconfigurational electronic wavefunctions in the Full Optimized Reaction Space: 
The isomerization of nitrosyl hydride to nitrogen hydroxide in the lowest singlet and 
triplet states 
D'SILVA, BRIAN CHRISTOPHER 
Agricu I tu ral Economics 
Factors affecting farmland ownership in Iowa 
EASTMAN, KATHLEEN SAMPSON 
Family Environment and Education 
Tolerance of ambiguity as a component of foster home satisfaction 
ELLEBOUDY, AZZA 
Soil Engineering 
Characterization of chemical compaction aids for fine-grained soils 
ELSE, HARLAN EUGENE 
Education (Educational Administration) 
Iowa teachers, superintendents, and board members expected outcomes of the Iowa 
Public Employment Relations Act 
81 
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ERICKSON, ELDON LEROY 
Agricultural Economics 
DOCTORAL DISSERTATIONS 
A model for economic evaluation of alternative waste management systems in Iowa beef 
cattle feedlots 
EUSEBIO, JOSEFA SEVILLA 
Nutrition 
Evaluation of selected biochemical indices of protein-calorie malnutrition in rats 
FABER, JERRY LEE 
Animal Nutrition 
Lysine availability assays for feedstuffs fed to swine 
FAISAL, CAROLINE SUE 
Sociology 
Integrated sociological theory construction: From formu lation to verification 
FEAR, FRANK ANTHONY 
Sociology 
Exploratory social indicator model building and testing using multiple indicators within 
a block-recursive system : A study of the macrosociological determinants of health status 
FITZGIBBONS, DALE ALAN 
Chemical Engineering 
Drop separation by numerical solution of the Navier-Stokes equation 
FLESCH, DAVID CHARLES 
Molecular, Cellular, and Developmental Biology 
The in vivo and in vitro assembly of cell walls in the marine coccolithophorid, 
Hymenomonas carterae 
FOSTER, RICHARD MICHAEL 
Agricultural Education 
Perceptions of selected groups toward the importance of including language arts 
instruction as part of the high school curricula and vocational agriculture program of study 
GAMA, ELTO EUGENIO GOMES e 
Plant Breeding and Cytogeneti:cs 
Stability analysis of single-cross hybrids of maize (Zea mays L.) produced from selected 
and unselected inbred lines 
GESSEL, GREGORY RAYMOND 
Nuclear Engineering 
Effects of minor alloying additions on the strength and swelling behavior of an austenitic 
stainless steel 
GIER, DONALD ALDON 
Soil Morphology and Genesis 
The soils and geomorphology of the Kansan-Cary Border, Dallas County, Iowa 
GILBERG, BRUCE MICHAEL 
Child Development 
The development of children's cognitive and affective role-taking abilities in relation to 
aggressive behavior in the classroom 
GINGERICH, RICHARD GEOFFREY WARMINGTON 
Inorganic Chemistry 
Preparation and reactions of mercapto and su lfido complexes of tungsten carbonyls 
GOERING, DONALD HENRY 
Education (Adult and Extension Education) 
Tasks and duties of professional Extension 4-H and Youth Leaders employed by the Iowa 
Cooperative Extension Service 
GONZALES-MENDEZ, HECTOR EDUARDO 
Agricultural Economics 
Grain marketing gains in Iowa and the use of price forecasting models - a Bayesian 
decision approach 
GREGERSEN, ALAN WAYNE 
Nuclear Physics 
Comparison between phase shift derived and exactly calculated nucleon-nucleon 
interaction matrix elements 
DOCTORAL DISSERTATIONS 
GUYDON, AUDREY SESSOM 
Family Environment and Education 
Attitudes toward parental involvement and professional interactions of speech-language 
pathologists in public schools 
HAGENSON, RANDY LEE 
Nuclear Engineering 
A toroidal fusion reactor design based on the reversed-field pinch 
HAJBANDEH,ROOHOLLAH 
Engineering Valuation 
Health care planning and optimal distribution of hospitals in the State of Iowa 
HAN, CHl-NENG 
8 iochem istry 
Organic synthesis of pyridoxal 5'-phosphate analogues and their interactions with 
apoaspa rtate aminotransferase 
HANSEN, ELMER CARL 
Mechanical Engineering 
Blade-surface boundary layer and wake computational models for estimation of 
axial -flow compressor and fan blade-row fluid turning angles and losses 
HANSER, LAWRENCE MORLEY 
Psychology 
Employee information environments and job satisfaction: A closer look 
HARGROVE, THOMAS REX 
Agricultural Education 
Educational, professional, and sociological characteristics of rice breeders in Asia 
HASZA, DAVID PAUL 
Statistics 
Estimation in nonstationary time series 
HAYNES, LINDEN C. SMITH 
Zoology (Physiology) 
83 
Mammary gland nucleic acid content and litter weight gains in lactating rats: Effects of 
ovarian hormones, hydrocortisone and prolactin 
HECKMAN, ROGER ALLEN 
Inorganic Chemistry 
Electron transfer reactions of macrocycl ic compounds of cobalt 
HELSEL, ZANER. 
Crop Production and Physiology 
Dry matter yield, nutritive composition, and combustible energy value of biomass grown 
in single- and double-cropping systems 
HI LL, MICHAEL KEITH 
Psychology 
Personality consistency and psychopathology: An analysis of normals, neurotic, and 
psychotics 
HO, TRIEU-KY 
Meehan ical Engineering 
Probabilistic prediction of the Jominy curve of low alloy steels from composition and 
grain size 
HOLMES, WARREN LEE 
Agricultural Education 
Critical experiences to be acquired during the vocational agriculture teacher preparation 
program 
HOOVER, WILLIAM L. 
Forestry (Economics) 
Housing and forest policy 
HORNUNG, PHILLIP ALLEN 
Solid State Physics 
Determination of phase boundaries an.d diffusion parameters in tantalum hybrides by 
pulsed NMR 
84 
HOYT, R !CHARD CONRAD 
Nuclear Engineering 
DOCTORAL DISSERTATIONS 
Precipitation kinetics of a continuous precip itator, with application to the precipitation 
of ammonium polyuranate 
HUANG, CH ENG-CH I 
Mathematics and Statistics 
Non-homogeneous Markov chains and their applications 
HUANG, ELIZABETH Tl-JAN HSU 
Statistics 
Nonnegative regression estimation for sample survey data 
HUTCHCROFT, PAUL THEODORE 
Education 




Prediction of turbulent jets and plumes in flowing ambients 
ISHIJIMA, MASAYUKI 
Biomedical Engineering 
Noninvasive, real-time examination of atrioventricular conduction system 
JENSEN, CRAIG LEEBENS 
Metallurgy 
Electrom igration of hydrogen and deuterium in vanadium, niobium and tantalum 
JENSEN, RONALD EUGENE 
Sociology 
The analysis of life tables with specific groups of causes of death eliminated 
KACHEL, DOUGLAS W. 
Education (History, Philosophy and Comparative Education) 
A social-psychological study of sex-role identity and personality correlates in relation to 
academic achievement 
KAR, MALAY KUMAR 
Mechanical Engineering 
Micromechanism of wear at polymer-metal sliding interface 
KARG BO, CHAR LES SOR IE 
Soil Fertility 
Foliar fertilization of corn during the grain-fi lling period 
KEUL, RALPH LEROY 
Industrial Education (Industrial Vocational -Technical Education) 
Competency analysis: Business computer programming 
KNITTLE, KARL HOWARD 
Botany (Physiology) 
Effects of soil resistance on hypocotyl growth in soybeans 
KORI EM, MOHAMED AHMED 
Education (Historical, Philosophical, and Comparative Studies in Education) 
A comparison of philosophical orientation between prospective teachers in the United 
States and Egypt 
KROSHEFSKY, ROBERT DOUGLAS 
Inorganic Chemistry 
Spectroscopic implications of sigma-pi effects in some aminophosphine compounds 
KUTI SH, GERALD 
Zoology 
Comparative and phylogenetic studies on sperm ultrastructure and reproductive biology 
in the peracarids and lower malacostracan crustaceans 
KWINN, WILLIAM A. 
Computer Science 
Memory management policies for a hardware implemented computer operating system 
LAROCHELLE, JOHN H. 
Analytical Chemistry 




Section Chamaefiswla, series Corymbosae (Leguminosae, Cassia) of the New World 
LEE, DON KOO 
Forestry (Biometry) 
85 
The influence of the geometry and distribution of root systems on coppice regeneration 
and growth of hybrid poplars 
LEHMKUHL, HOWARD DUANE 
Veterinary Microbiology 
A bovine adenovirus type 3: Isolation, characterization, serologic survey and 
experimental infection of calves 
LENDT, DAVID LEONARD 
Education (Higher Education) 
Ding: The Life of Jay Norwood Darling 
LEWIS, EUGENE CARL TON 
Analytical Chemistry 
Liquid chromatography of methylxanthines with selective amperometric detection 
LEX, LOUISE ANN MOEDE 
Education (Higher Education) 
The feminist movement: Its impact on women in the state legislatures 
LINDAHL, THOMAS J. 
Agricultural Education 
Employment qualifications of postsecondary instructors of agriculture in Iowa area 
schools 
LOKENSGARD, DAVID MICHAEL 
Organic Chemistry 
An exploration of the C9 H 8 0 energy surface in the vicinity of bicyclo[5.2.0)nona-2,5,8-
trien-4-one 
LOTF IPOU R, KHOSROW 
Education (Higher Education) 
A study of vocational-technical education in Iran (Tehran) 
LOTFIPOUR, SHAHNAZ 
Education (Curriculum and lnstructuional Media) 
The effectiveness of Sesame Street on preschool foreign children in Ames 
LOWE, ROBERT B. 
Education (Educational Administration) 
The association of success training to student achievement, self-image and participation 
MABRY, JOHN WILLIAM 
Animal Breeding 
Procine stress syndrome: Inheritance, prediction and performance characteristics 
MAIRAING, WARAKORN 
Soil Engineering 
Penetration resistance of soils in relation to penetrometer shape 
MARADIEGUE OBANDO, HUGO A. 
Economics 
A comparative social benefit-cost analysis of the twelve principal projects of Peru's 
public investment program 1968-1975 
MARGETAN,FRANKJAMES 
Nuclear Physics 
Hydrodynamic model wavefunctions in intrinsic coordinates and their application to the 
structure of even-even nuclei 
MARTIN, DENN IS BLAINE 
Analytical Chemistry 
Physical and chemical properties of the metallofluorochromic indicator Calcein 
MARTIN, JOHN MUNSON 
Plant Breeding and Cytogenetics 
Observed, predicted and simulated responses from reciprocal recurrent selection in 
maize (Zea mays L.) 
86 
MARTIN, RUTH EVELYN 
Home Economics Education 
DOCTORAL DISSERTATIONS 
Knowledge and performance of home economics education majors as a function of 
teaching strategy 
McWETHY, STEVEN J. 
Bacteriology 
Extracellular maltase of Bacillus brevis 
MEERDINK, LOIS JACOBSON 
Home Economics Education 
Attrition of College of Home Economics students at Iowa State University 1951-1972 
MELTON, BRYAN EDWIN 
Agricultural Economics and Animal Breeding 
An economic analysis of concentrate versus roughage feeding for finishing beef steers 
MICHALSKI, RAPHAEL JOSEPH 
Economics 
An application of consistent statistical estimation to a nonlinear macroeconomic 
pol icy model 
MICHELS, THERESE WALTER 
Analytical Chemistry 
The identification and properties of some naphthoqu inone trimers 
Ml LLER, JAMES HEN RY 
Inorganic Chemistry 
Lanthanide extraction with 2,5-dimethyl-2-hydroxyhexanoic acid 
Ml LLSAPPS, JOHN WILLIAM 
Education 
Performance of language delayed preschool children on an auditory figure-ground task 
Ml LLSPAUGH, JOHN ROBERT 
Psychology 
On the role of array structure in the simultaneous matching task: A stages of processing 
analysis 
MITCHELL, RICHARD MERLE 
Zoology (Parasitology) 
Accounts of Nepalese mammals and analysis of the host-ectoparasite data by computer 
techniques 
MOON, NANCY JANE PLATT 
Food Technology 
Conversion of cheese whey to yeast lipid and single cell protein 
MORRIS, REX NEIL 
Analytical Chemistry 
Use of a semiconductor laser in infrared spectroscopy 
MOSTAJERAN,AKBAR 
Water Resources 
Energy balance in crop rotation with different levels of fertilizer 
MOULDING, MARK ALDRICH 
Astrophysics 
Spectral contamination in binary X-ray systems: Gas flow effects on mass determinations 
MOUNT, MICHAEL KELLY 
Psychology 
Person-environment congruence, employee job satisfaction, and tenure: A test of 
Holland's theory 
MOUSAVI, SEYED FARHAD 
Water Resources 
Mathematical models for gully-wall and mineland-soil seep and slip 
MUNGKORNKARN, PISUT 
Veterinary Anatomy 
The effect of ethylenethiourea on the developing central nervous system of the rat 
NATHANAEL, ANTIS STAVROU 
Animal Nutrition 
Quantitative measurements of lysine and methionine requirements of laying hens 
DOCTORAL DISSERTATIONS 87 
NAULT, JAMES EDWARD 
Education (Counselor Education) 
Computer-based decision competency activity to foster aspects of personal development 
in college students 
NJUS, HELEN PYLE 
Home Economics Education 
Learning outcomes as affected by teaching mode and field-dependence-independence 
NYLANDER, VIRGIL CHAR LES 
Psychology 
Olfactory and palatability factors regulating food intake in VMH lesioned rats 
O'BRIEN, EDWARD MICHAEL 
Biomedical Engineering 
A tactile hearing aid based on the properties of amplitude- and time-quantized speech 
OKATAN, ALI 
Electrical Engineering 
A statistical analysis of ionospheric effects in radio interferometry 
OPOIEN, JAMES WAYNE 
Elementary Particle Physics 
The high energy behavior of fermion-meson and meson-meson scattering in a super-
symmetric field theory 
ORANU,RAPHAELNNANWUBA 
Industrial Education 
The impact of the Ford Foundation on vocational teacher education in Nigeria-
implications for future development 
ORF, GENE MICHAEL 
Analytical Chemistry 
Analytical applications of resins containing amide and polyamine functional groups 
PACKARD, MICHAEL DAVID 
Economics 
An analysis of eleemosynary behavior among individuals 
PALMER, RICHARD FRANCIS 
Organic Chemistry 
Part I: An investigation of the rehybridization of bridgehead olefins, solvolytic formation 
of bridgehead olefins 
Part 11: The effect of silver (I) ion upon the solvolysis products in the dibromo- and 
monobromobicyclo[6. 1.0] noname systems 
PALS, DOUGLAS ALLEN 
Agricultural Education 
Roles and responsibilities of selected agencies and groups in providing inservice 
education for vocational agriculture instructors in Iowa 
PANTALONE, DAVID KELLY 
Electrical Engineering 
Effects of large interconnected wind generators on the electric power system 
PARK, KYUNG-EUN YOON 
Crop Production and Physiology 
Hormone content of normal and tall soybeans (Glycine max (L.) Merr.) 
PARK, WON MOK 
Plant Pathology 
Physiological analysis of maize stunting caused by Pythium ultimum and involvement of 
Pythium sp. in maize culture 
PARRISH, RICHARD FRED 
Biochemistry 
The effect of phosphate and phosphate analogs on the enzymic activity of pyridoxal 
reconstituted phosphorylase 
PAUL, EUGENE JOSEPH 
Education (Educational Administration) 
Self-instructional materials for collective negotiations in Iowa public school districts 
PECHAN,MICHAELJOSEPH 
Solid State Physics 
The magnetic structure of metallic holmium as a function of temperature 
88 
PEMBLETON, ROBERT GEORGE 
Physical Chemistry 
DOCTORAL DISSERTATIONS 
Applications of solid state nuclear magnetic resonance techniques to the study of 
coals and polymers 
PENDLETON, BRIAN FRANKLIN 
Sociology 
Socioeconomic epidemiology: Differential determinants in a longitudinal framework 
PETERSON, CHARLIE ALBERT 
Analytical Chemistry 
Inductively coupled plasma-atomic emission spectrometry : Trace elements in oil matrices 
PINHEIRO, ANTONIO CIPRIANA AFONSO 
Agricultural Economics 
Corn supply and water-nitrogen demand functions based on experimental data: The 
uncertainty case 
POEPPELMEIER, KENNETH REINHARD 
Inorganic Chemistry 
The synthesis and characterization of reduced scandium halides containing one- and 
two-dimensional metal bonded arrays 
POU RMOG HIM, SEYED-JAV AD 
Economics 
Import demand in developing countries including I ran: A theoretical and empirical study 
PYTLIK, EDWARD CHARLES 
Industrial Education 
Interdisciplinary analysis of two rural development projects in Pakistan 
QUICK, MICHAEL HARRY 
Inorganic Chemistry 
Synthesis and reactions of a thiocarbonyl-bridged complex, dicarbonylbis 
(17-cyclopentad ienyl )-µ-carbonyl -µ-th iocarbonyld ii ron 
REZAI, ABDOLMAJID 
Plant Breeding 
Variation for some agronomic traits in the World Collection of wild oats (Avena steri/is 
L.) 
RICE, ROBERT C. 
Education (Educational Administration) 
A comparison of perceptions of school discipline between students, parents, teachers, 
and school administrators 
ROBERTS, LEONARD E. 
Education (Educational Administration) 
A comparison of needs assessment activities in selected Iowa school districts 
ROBINETTE, SUSAN LOUISE 
Physical Chemistry 
Polariton effects in naphthalene crystals 
ROGERS, RICHARD ALAN 
Agricultural Education 
Perceptions of the importance of selected occupational activities of vocational 
agriculture teachers as perceived by California principals and teachers 
ROTH, ALLAN CHAR LES 
Zoology (Physiology) and Biomedical Engineering 
Circulatory regulation in an open system: Ha/iotis corrugata (Mollusca, Gastropoda) 
ROYER, JEFFREY SCOTT 
Economics 
A general nonlinear programming model of a producers cooperative association in the 
short-run 
RUSSELL, STEVE FORREST 
Electrical Engineering 
Spectral analysis methods for noisy sampled-data systems 
RUSSO, JOHN GEORGE 
Engineering Valuation 
Revalidation of Iowa type survivor curves 
DOCTORAL DISSERTATIONS 
SARAPIN, MARVIN IRWIN 
Industrial Education 
Formative evaluation: A model for instructional material development and revision in 
public school industrial arts education 
SAYGIDEGER,ORHAN 
Agricultural Economics 
Analysis of interaction between soil conservation and agricultural production in the 
United States using a multigoal linear programming model 
SCHNEIDER, JAMES FRANZ 
Animal Breeding 
89 
Individual and maternal heterosis estimated from single crosses and backcrosses of swine 
SCHOENER, CAROL SUSAN 
Plant Breeding and Cytogenetics 
Utilization of unadapted germplasm in soybean breeding populations 
SCHUETZ, STEVEN HUGGINS 
Plant Breeding and Cytogenetics 
Genetics of tassel branch number in maize and its implications for a small-tassel selection 
program 
SEGEBART, ROBERT L. 
Plant Breeding and Cytogenetics 
Magnitude and distribution of genetic variation from mutagenesis and hybridization 
SHADl-TALAB, JALEH 
Rural Sociology 
Factors affecting farmers' adoption of agricultural technologies in less developed 
countries: I ran 
SHERIFF, EL MOHAMED 
I ndu stria I Education 
A proposed plan for the improvement of vocational-technical education in Liberia 
SIRIBOONMA, UMPORN 
Education (Higher Education) 




Some toxicologica l effects of phosphate esters on rainbow trout and bluegill 
SKUSTER, JAMES ROBERT 
Biochemistry 
Isolation and properties of the catalytic subunit of phosphorylase E kinase 
SMITH, CLARE STANLEY 
Plant Breeding and Cytogenetics 
Morphological and physiological traits associated with barrenness and grain yield in 
the maize breeding population, Iowa Upright Leaf Synthetic# 1 
SM ITH, PAUL C. 
Veterinary Pathology 
Pathologic and immunobiologic changes in chemically-induced recrudescence of IBR 
infections in cattle 
SN I DER, BOBBY G. 
Analytical Chemistry 
Determination of nitrosamines by a photoelectrochemical method 
SPENCER, CARY RAY 
Solid State Physics 
Flux flow and proximity effects in aligned Pb-Cd eutectic lamellar structures 
STANGENHAUS, GABRIELA 
Statistics 
Optimum estimation under generalized unbiasedness 
STANLEY, CRAIG DEAN 
Soil Management 
Soybean top and root response to static and fluctuating water table situations 
90 DOCTORAL DISSERTATIONS 
STOUT, BETTY LEE 
Home Economics Education 
Effect of two methods of instruction on level of achievement and attitude of high school 
home economics students 
SUNG, CHANG SUP 
Engineering Valuation 
Analysis of nonstationary inventory systems 
TAYLOR, WALLACE REED 
Animal Breeding 
Genetic differences in maturity in dairy cattle 
TILTON, VARIEN RUSSELL 
Botany (Morphology) 
A developmental and histochemical study of the female reproductive system in 
Ornithoga/um caudatum Ait. using light and electron microscopy 
TIRRELL, FREDERICK JOHN 
Psychology 
Levels of self and external influence in self-reward 
TOENJES, CAROL MARTHA 
Psychology 
Investigation of cluster analysis as a grouping procedure for MMPI 
TSANG, TSUN-WAH EDMUND 
Metallurgy 
Low temperature heat capacity of scandium and alloys of scandium 
TU, CHING-TSAO 
Statistics 
Discriminant analysis based on binary and continuous variables 
TULLY, CHRISTOPHER RAYMOND 
Organic Chemistry 
Sterically hindered silyl perchlorates : Synthetic and mechan istic studies 
VAITHESWARAN, RAMAKRISHNA 
Economics 
Economic ethics of Henry Sidgwick 
VALENTA, HARRY LAWRENCE, Jr. 
Biomedical Engineering 
Correlation of canine electroencephalographic activity during surgical anesthesia 
VOCKE, ROBERT WAYNE 
Water Resources 
Growth responses of selected freshwater algae to trace elements and scrubber ash slurry 
generated by coal -fired power plants 
VURDU,HASAN 
Forestry (B iology and Wood Science) 
Anatomical characteristics of stem, branch and root wood in European black alder 
(A/nus glutinosa L. Gaertn.) 
WALKER, ALAN KENT 
Plant Breeding 
Yield stability of soybean mixtures 
WALKER, DAVID JOHN 
Economics 
An economic analysis of alternative env ironmental and resource policies for controll ing 
soil loss and sedimentation from agriculture 
WARREN , WILLIAM CARLETON 
Industrial Education 
The development of vocational technical institutes in Maine 
WATSON, KARI LEE FREEBERG 
Education (Curriculum and Instructional Media) 
An analysis of selected variables of organizational structure and their relationship to the 
rate of adoption of school reorganization in Iowa school districts from 1956-1962 
DOCTORAL DISSERTATIONS 
WEBER, MICHAEL FRANCIS 
Solid State Physics 
Electrocatalytic activity and surface properties of tungsten bronzes 
WEBER, W. WAYNE 
Industrial Education 
An instrumentation system for automatically monitoring and recording sound levels in 
industrial arts laboratories 
WERNIMONT, MELVIN JAMES 
Psychology 
Sex differences in effects of similarity disclosure and style of interaction on psycho-
therapeutic attraction 
WOOD, JAMES NEAL 
Industrial Education 
Analysis of teaching competencies/skills and the time factors involved developing these 




Analysis of non linear resistive networks having multiple solutions with spline function 
techniques 
YIP, SHUI MAN 
Biomedical Engineering 
Heat transfer during malignant hyperthermia in swine 
YOON, ICK-JHIN 
Ceramic Engineering 
Absorption spectra of transition metal ions in glasses as functions of oxygen pressure, 
temperature, and composition 
YUSOFF, MOHAMMED BIN 
Economics 
An econometric analysis of the world natural rubber industry 
ZEMKE, RUTH ANN BAST 
Child Development 
Asymmetrical tonic neck reflex in children 
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